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ABSTRACT
The ontogeny and u l t r a s t r u c t u r e  o f  th e  e v e rg ree n  l e a f  of  
Magnolia q r a n d i f l o r a  L. were s tu d i e d  by l i g h t  m ic roscopy ,  scanning 
e l e c t r o n  m ic ro sco p y ,  t r a n s m i s s i o n  e l e c t r o n  m icroscopy  and energy  
d i s p e r s i v e  X-ray m i c r o a n a l y s i s .  The m a tu re  e v e rg reen  l e a f  was a l s o  
compared with t h o s e  of  s ix  dec iduous  Magno!ia s p e c i e s .
The v e g e t a t i v e  apex of  M. grand i f  1 ora  can be d e s c r i b e d  us ing  
t h e  t u n i c a - c o r p u s  and c y t o h i s t o l o g i c a l  zo n a t io n  c o n c e p t s .  The apex 
i s  composed of a b i s e r i a t e  or t r i s e r i a t e  t u n i c a  o v e r ly in g  a co rpus  
and v a r i e s  from 180 ym a t  t h e  minimal s t a g e  t o  210 ym a t  t h e  
maximal s t a g e .  Leaf  p r im o rd ia  a r e  i n i t i a t e d  by p e r i c l i n a l  d i v i s i o n s  
in  t h e  second l a y e r  of  t h e  t u n i c a  when t h e  p rev io u s  l e a f  primordium 
i s  250-350 ym in  h e i g h t .  Following l e a f  i n i t i a t i o n ,  a f o l i a r  
b u t t r e s s  i s  fo rmed. Marginal  growth beg ins  a s  soon a s  t h e  b u t t r e s s  
i s  formed w i th  t h e  l e a f  base g r a d u a l l y  ex tend ing  around t h e  apex 
th rough  p e r i c l i n a l  d i v i s i o n s  ( i n  t h e  second l a y e r  o f  t h e  t u n i c a )  on 
both  s i d e s  o f  t h e  f l a n k .  The l e a f  primordium i n c r e a s e s  in  h e ig h t  
th rough  a p i c a l  growth  which c o n t i n u e s  th rough  t h e  t ime t h e  primordium 
i s  1 mm in h e i g h t .  The l e a f  b lade  primordium i s  s e p a r a t e d  from t h e  
s t i p u l e  by i n t e n s i f i e d  a n t i c l i n a l  d i v i s i o n s  in  t h e  s u r f a c e  and 
s u b s u r f a c e  l a y e r s  near  t h e  base .  The l e a f  b la d e  and t h e  s t i p u l e s  
c o n t i n u e  development f o l l o w in g  t h e i r  d e l i m i t a t i o n .  Marginal  growth 
b eg in s  in  t h e  l e a f  b l a d e  primordium when i t  r e a c h e s  a p p ro x im a te ly  
200 ym in h e ig h t  and r e s u l t s  in t h e  fo r m a t io n  of  t h e  l am ina .  The
xv
young b la d e  remains  in  a c o n d u p l i c a t e l y  fo ld e d  p o s i t i o n  n e x t  t o  th e  
s t i p u l e  u n t i l  bud b r e a k .  Upon emergence o f  t h e  l e a f  from th e  bud, 
th e  l e a f  r a p i d l y  i n c r e a s e s  in  s i z e  by c e l l  d i v i s i o n  and c e l l  
expans ion  f i n a l l y  t o  reach  a m ature  s i z e  o f  190-238 mm.
S e c r e t o r y  o i l  c e l l s  a r e  i n i t i a t e d  in  t h e  l e a v e s  o f  M. 
g r a n d i f l o r a  when t h e  l e a f  b l a d e  i s  ap p ro x im a te ly  35 mm in  l e n g t h .
An o i l  c e l l  i s  i n i t i a t e d  by an a n t i c l i n a l  d i v i s i o n  in  t h e  ground 
mer is tem  o f  th e  l e a f  b l a d e .  The i n i t i a l  i s  i d e n t i f i e d  from o t h e r  
ground m er is tem  c e l l s  by i t s  l a r g e r  s i z e ,  lower  l e v e l  o f  v a c u o l a t i o n ,  
fewer  s t a r c h  g r a i n s  and l a c k  o f  o s m i o p h i l i c  b o d i e s .  Following 
i n i t i a t i o n  t h e  o i l  c e l l  i n c r e a s e s  in  s i z e  by c e l l u l a r  expans ion  and 
e v e n t u a l l y  occu p ie s  a p o s i t i o n  in  t h e  mesophyll  o f  t h e  mature  l e a f .
No e v id en c e  o f  l y s ig e n e o u s  development ,  s u b e r i z a t i o n  o r  cupu le  
fo rm a t io n  was found in  t h e s e  c e l l s .
S i l i c a  i s  found in  t h e  l e a v e s  o f  M. g r a n d i f l o r a  in  t h e  lumen 
o f  some o f  t h e  t e r m in a l  t r a c h e i d s ,  ve in  s h ea th  c e l l s ,  ep idermal  
c e l l s  and guard  c e l l s .  S i l i c a  i s  a l s o  found e x t e r n a l  to  t h e  c e l l  
wal l  o f  t h e  ep idermal  c e l l s  and in  t h e  c u t i c l e .  The s i l i c a  i s  
amorphous and i s  composed o f  s p h e r i c a l  s i l i c a  bod ies  35-65 nm in  
s i z e .
The mature  e v e r g re e n  l e a f  o f  M. g r a n d i f l o r a  d i f f e r s  from 
deciduous  Magnolia s p e c i e s  in g r e a t e r  lamina! t h i c k n e s s ,  l a r g e r  
number o f  c e l l  l a y e r s ,  g r e a t e r  c u t i c l e  t h i c k n e s s ,  more s c l e r i f i c a t i o n ,  
s i l i c i f i c a t i o n ,  p a l i s a d e  mesophyl l  deve lopm ent ,  and absence  o f  
armed parenchyma.
PART I
LEAF DEVELOPMENT IN ANGIOSPERMS -  A REVIEW
P l a n t s  by n a t u r e  have an open system o f  growth  which i s  
f o s t e r e d  by r e g i o n s  o f  c o n t i n u a l l y  d i v i d i n g  c e l l s  r e f e r r e d  to  a s  
m e r i s t e m s .  The o r i g i n  o f  t h e  f o l i a g e  l e a f  of angiosperms i s  t h e  
a p i c a l  mer is tem  lo c a t e d  a t  t h e  apex o f  t h e  stem.
The a p i c a l  mer is tem  of  angiosperms  may be s im ply  d e s c r i b e d  
(Schmidt ,  1924) a s  being composed of one or  s e v e r a l  e x t e r i o r  l a y e r s  
of c e l l s  r e f e r r e d  t o  a s  t h e  t u n i c a  and an u n d e r ly in g  c o rp u s .  C e l l s  
w i t h i n  t h e  t u n i c a  l a y e r ( s )  d i v i d e  a n t i c ! i n a l l y  and t h e  c e l l s  of t h e  
corpus  d i v i d e  i n  both  t h e  a n t i c l i n a l  and p e r i c l i n a l  p l a n e s .
The number of  c e l l  l a y e r s  composing t h e  t u n i c a  i s  v a r i a b l e ;  
some r e p r e s e n t a t i v e  examples a r e :  1 l a y e r ,  Xanthium ( M i l l i n g t o n  and
F i s k ,  1956);  1-4 l a y e r s ,  Colophospermum ( S t e i n ,  1978);  2 l a y e r s ,
M ich e l ia  (T ucke r ,  1962);  Cal.ycanthus ( D e n g le r ,  1972);  D ian thus  
(Shushan and Johnson ,  1955);  Chenopodium ( G i f f o r d  and S t e w a r t ,  1965);  
Senecio  (Hi 11 son,  1979),  Linum (G i ro lam i ,  1954) ,  Carya ( F o s t e r ,  1935),  
Morus ( C r o s s ,  1936, 1937),  C lem at i s  (T e p f e r ,  1960) ,  Drimys ( G i f f o r d ,  
1951);  2-3 l a y e r s ,  L i r io d en d ro n  ( M i l l i n g t o n  and G u n c k e l , 1950;
Pray ,  1955a) S p i r a e a  (Rouffa  and Gunckel,  1951b);  2-4 l a y e r s ,
D a r i i n g t o n i a  ( F ra n ck ,  1975) and 3-4 t u n i c a  l a y e r s ,  Acorus (K aplan ,  
1970);  Acac ia  (Boke, 1940; R ickson ,  1969) and Garrya  (Reeve,  1948) .
I t  i s  now re c o g n ize d  t h a t  t h e  number of t u n i c a  l a y e r s  p r e s e n t  in 
many p l a n t s  may f l u c t u a t e  in  c o n j u n c t i o n  w i th  l e a f  i n i t i a t i o n  and
1
2
developm ent .  In t h e i r  s tu d y  of 54 s p e c i e s  of t h e  R osaceae ,  Rouffa 
and Gunckel (1951a) conc lude  t h a t  t h e  number of t u n i c a  l a y e r s  do 
no t  seem to  be o f  " s p e c i f i c  o n t o g e n e t i c  o r  taxonomic s i g n i f i c a n c e . "
The t u n i c a - c o r p u s  concep t*  in  some c a s e s ,  p r e s e n t s  zonal  
p a t t e r n s  ( G i f f o r d  1950, 1963) a s  r e f l e c t e d  in d i f f e r e n c e s  in  c e l l  
s i z e ,  c e l l  sh ap e ,  s t a i n i n g  a f f i n i t y ,  m e r i s t e m a t i c  a c t i v i t y ,  and wall  
f e a t u r e s .  Although v a r i a b l e  in  e x p r e s s i o n ,  t h r e e  c y t o h i s t o l o g i c a l  
zones  a r e  r e co g n ized  in t h e  shoo t  apex: t h e  c e n t r a l  zone ( a x i a l
p o r t i o n  of  t h e  t u n i c a  and th e  upper  c e n t r a l  c o r p u s ) ;  p e r i p h e r a l  zone 
( t u n i c a  on f l a n k s  and a p o r t i o n  of t h e  c o r p u s ) ;  and t h e  p i t h r i b  
meris tem ( i n  c o n t a c t  w ith  t h e  basa l  p a r t  o f  t h e  c e n t r a l  z o n e ) .  
S tu d i e s  on t h e  shoot  development in  Xanthium pennsylvanicum le ad  
M i l l i n g t o n  and F i s k  (1956) t o  conc lude  t h a t  t h e  t u n i c a  corpus  
c o n cep t  i s  w or thw h i le  in  v i s u a l i z i n g  su r face -vo lum e  a d ju s t m e n t s  a t  
t h e  a p i c a l  mer is tem whereas  t h e  zonal  scheme emphasizes  c y t o l o g i c a l  
p r o p e r t i e s  t h a t  may be im p o r ta n t  in " e l u c i d a t i n g  t h e  problems of 
m orphogenes i s . "
Clowes (1961) d e s c r i b e s  t h e  p rocess  o f  l e a f  fo r m a t io n  in 
angiosperms in  te rm s  of  an a p i c a l  dome which i n c r e a s e s  i n  s i z e ,  
i n i t i a t e s  a l e a f  as  a p r o tu b e r a n c e  and in doing so d im in i s h e s  t h e  
s i z e  on ly  t o  expand a g a in  to  c o n t i n u e  t h e  p r o c e s s .  These rhythmic  
changes a s s o c i a t e d  w i th  t h e  mode of  l e a f  fo r m a t io n  a r e  d i r e c t l y  
r e l a t e d  to  t h e  a r c h i t e c t u r e  of t h e  p a r t i c u l a r  a p i c a l  meris tem being 
c o n s id e re d  ( F o s t e r ,  1936);  bu t  common f e a t u r e s ,  i n  t h i s  p r o c e s s ,  
can be r e c o g n iz e d .  F o s t e r  (1949) i n d i c a t e s  t h a t  t h e  development o f  
a l e a f  on t h e  apex can be broken down i n t o  s e v e r a l  b a s i c  s t a g e s :
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i n i t i a t i o n ;  e a r l y  d i f f e r e n t i a t i o n ;  development o f  t h e  l e a f  a x i s ;  
o r i g i n  of t h e  lamina and f i n a l l y ,  h i s t o g e n e s i s  and m a t u r a t i o n  o f  
th e  lam ina .  These d i v i s i o n s  a r e  n e c e s s a r i l y  a r t i f i c i a l  in  n a t u r e  
because  of t h e  o v e r l a p  between s t a g e s  and th e  i n t r a - g e n e r i c  
v a r i a t i o n .
I n i t i a t i o n -
In an a p i c a l  m er is tem  o f  an ang iospe rm ,  l e a f  i n i t i a t i o n  i s  
s i g n a l e d  by t h e  a p p ea ran ce  o f  p e r i c l i n a l  d i v i s i o n s  in  a small  group 
of  c e l l s  in  t h e  f l a n k  or  p e r i p h e r a l  r e g io n  o f  t h e  m e r i s t e m .  The 
p e r i p h e r a l  r e g io n  in t h e  c o m p o s i t e ,  Xanthium (Maksymowych, 1973) ,  
i s  c h a r a c t e r i z e d  a s  having  smal l  c e l l s  w i th  dense  cy top lasm where 
t h e r e  i s  more i n t e n s i v e  DNA and RNA s y n t h e s i s  than  in any o t h e r  
p o r t i o n  of t h e  m e r i s te m .  F u r t h e r ,  t h e  d e n s i t y  o f  r ibosomes i s  a l s o  
h ig h e r  in t h i s  r e g i o n  th a n  in any of  t h e  o t h e r  a r e a s .  The i n i t i a t i o n  
of t h e  l e a f  primordium i s  a s s o c i a t e d  w i th  t h i s  high m e ta b o l i c  
a c t i v i t y .  The l a y e r  or l a y e r s  in  which t h e s e  i n i t i a t i n g  d i v i s i o n s  
occur v a r i e s  and depends  upon t h e  s p e c i e s  be ing  s t u d i e d .  In 
d i c o t y l e d o n s ,  t h e  f i r s t  p e r i c l i n a l  d i v i s i o n s  occur  in a s u b su r f a c e  
l a y e r ,  g e n e r a l l y  in t h e  second l a y e r  i r r e s p e c t i v e  o f  the  number of 
l a y e r s  p r e s e n t  ( G i f f o r d ,  1951).  T h i s  d i v i s i o n  i s  accompanied by 
a n t i c l i n a l  d i v i s i o n s  in  t h e  s u r f a c e  l a y e r .  These  a n t i c l i n a l  d i v i s i o n s  
p r e s e r v e  t h e  i n t e g r i t y  of  t h e  protoderm T-j l a y e r .  In some monocots 
c e l l s  of t h e  s u r f a c e  l a y e r  may undergo t h e  p e r i c l i n a l  d i v i s i o n s  which 
i n i t i a t e  t h e  l e a f  promordium. In t h i s  way t h e  o u t e r  l a y e r  may con ­
t r i b u t e  to  more than  j u s t  t h e  protoderm so i t  c an n o t  be c o n s id e re d  
to  be a t u n ic a  in  t h e  s t r i c t  s e n s e .
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In t h o s e  f l o w e r in g  p l a n t s  having l e a f  bases  e n sh e a th in g  t h e  
e n t i r e  stem, Clowes (1961) r e p o r t s  t h a t  t h e  mode of i n i t i a t i o n  
proceeds  in a s i m i l a r  manner in  t h a t  t h e  l e a v e s  a r e  i n i t i a t e d  a t  one 
p o in t  and l a t e r  spread  l a t e r a l l y  around th e  a p i c a l  mer is tem u n t i l  
t h e  "ends meet o r  o v e r l a p  forming a c o l l a r  w i th  a s l i g h t  peak in 
t h e  m i d d l e . "
G i f f o rd  (1951) r e p o r t e d  in  Drimys t h a t  t h e  p r im o rd ia l  
s w e l l in g  i s  i n i t i a t e d  by p e r i c l i n a l  d i v i s i o n s  in  th e  second l a y e r  of 
t h e  t u n i c a  and t h e  o u t e r  p o r t i o n  o f  t h e  c o rp u s .  These d i v i s i o n s ,  
he f u r t h e r  i n d i c a t e d ,  may p o s s i b l y  have occur red  s im u l t a n e o u s l y .
A s i m i l a r  mode o f  i n i t i a t i o n  was a l s o  observed in  Morus (C ro s s ,
1937) and M ic h e l i a  (T u c k e r ,  1962) a l t h o u g h  Maksymowych (1973) found 
t h a t  in  Xanthium t h e  i n i t i a t i n g  p e r i c l i n a l  d i v i s i o n s  o c cu r red  in t h e  
second and t h i r d  t u n i c a  l a y e r s .  A c t iv e  p e r i c l i n a l  d i v i s i o n s  
i n i t i a t i n g  t h e  l e a v e s  in  P.yrus malus  (McDaniels and Cowart ,  1944) 
and Car.ya ( F o s t e r ,  1935) o c cu r red  in t h e  second t u n i c a  l a y e r  w h i le  
in  L i r io d en d ro n  (P ray ,  1955a ) ,  D a r i i n q t o n i a  (F ranck ,  1975) and 
Ananas ( K ra u s s ,  1949) p e r i c l i n a l  d i v i s i o n s  were i n i t i a t e d  in  e i t h e r  
t h e  second or t h i r d  t u n i c a  l e x e r s .  S i s t r u n k  and Tucker (1974) found 
t h a t  t h e  l e a f  primordium in  Doxantha i s  i n i t i a t e d  by p e r i c l i n a l  
d i v i s i o n s  in t h e  t h i r d  s u b su r f a c e  l a y e r ,  w h i le  Rickson (1969) 
observed i n i t i a t i n g  d i v i s i o n s  in  t h e  t h i r d  or f o u r t h  t u n i c a  l a y e r  in 
A c a c i a . In members of t h e  Rosaceae ,  t h e  p e r i c l i n a l  d i v i s i o n s  
i n i t i a t i n g  l e a f  development can occur  in t h e  second t u n i c a  l a y e r ,  
b u t ,  as  r e p o r t e d  by Rouffa  and Gunckel (1951b) ,  th e y  may a l s o  occur 
a s  d e e p ly  a s  t h e  f i f t h  l a y e r  of  t h e  ap ex .  In Garrya e l l i p t i c a  and
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S a l l x  l a e v i g a t a , Reeve (1948) dem ons t ra ted  f l u c t u a t i o n  in  t h e  
number of t u n i c a  l a y e r s  p a r t i c i p a t i n g  in  l e a f  i n i t i a t i o n  and 
developm ent .  However,  such v a r i a t i o n  was no t  observed  in B ra s s ic a  
c a m p e s t r i s  ( C h a k r a v a r t i , 1953) or  in L i r io d e n d ro n  t u l i p i f e r a  
( M i l l i n g to n  and Gunckel ,  1950).
The number o f  t u n i c a  l a y e r s  p a r t i c i p a t i n g  in l e a f  i n i t i a t i o n  
as seen in t h e  p receed in g  examples i s  h ig h ly  v a r i a b l e .  G i f f o r d  
(1951) f e e l s  t h a t  t h i s  number may have seme p h y lo g e n e t i c  s i g n i f i c a n c e  
a s  he i n d i c a t e s  t h a t  " t h e r e  i s  a t r e n d  in v a s c u l a r  p l a n t s  toward
i n c r e a s e  in  t h e  number and s t a b i l i t y  of s u r f a c e  l a y e r s  a t  t h e  shoot
a p e x . "  Th is  i s  f u r t h e r  suppor ted  by t h e  v a r i a t i o n  found in members
of t h e  Rosaceae where an i n c r e a s e  in t u n i c a  l a y e r s  w i t h i n  t h e  t r i b e s
s tu d i e d  may be a more advanced c h a r a c t e r i s t i c  (Rouffa  and Gunckel,  
1951a).
E a r ly  D i f f e r e n t i a t i o n
The c o n t i n u a t i o n  of c e l l  d i v i s i o n  in  t h e  p e r i p h e r a l  r e g io n  
soon r e s u l t s  in t h e  emergence o f  t h e  l e a f  primordium a d j a c e n t  t o  t h e  
shoot  apex .  T h i s  emergence re sem b le s  a p a p i l l a t e  or c r e s c e n t - s h a p e d  
s t r u c t u r e .  But ,  p r i o r  t o  t h e  a c tu a l  emergence of each f o l i a r  
primordium, t h e  shoot  apex expands l a t e r a l l y  t o  form a s o - c a l l e d  
f o l i a r  b u t t r e s s .  The f o l i a r  b u t t r e s s  and t h e  primordium form a s  a 
u n i t .
The en largem ent  o f  t h e  a p i c a l  meris tem forming t h e  l e a f  
b u t t r e s s  i s  th e  f i r s t  e x t e r n a l  i n d i c a t i o n  of th e  p r o c e s s  of l e a f  
development on t h e  f l a n k  o f  t h e  m er is tem .  As t h e  apex i n c r e a s e s  in 
s i z e ,  i t  r e a c h e s  a maximum p r i o r  t o  t h e  emergence of t h e  l e a f
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primord ium. T h i s  phase  i s  r e f e r r e d  t o  a s  t h e  maximal a r e a  phase  
(Esau ,  1977) .  The e l e v a t i o n  o f  t h e  l e a f  primordium beyond th e  
a p i c a l  meris tem d e c r e a s e s  t h e  a p i c a l  s i z e  a t  t h e  minimal phase  of 
t h e  p l a s t o c h r o n .  T h i s  d e t e r m i n a t i o n  o f  t h e  minimal v e r s u s  t h e  
maximal phase  o f  t h e  m er is tem  i s  sometimes d i f f i c u l t  to  a s s e s s  and 
i s  s u b j e c t  t o  i n t e r p r e t a t i o n .  G i f f o r d  (1954) s u g g e s t s  a compromise 
be adop ted  where t h e  r e c o g n i t i o n  of  t h e  f i r s t  p e r i c l i n a l  d i v i s i o n s  
l o c a l i z i n g  t h e  s i t e  o f  t h e  new primordium d e f i n e s  t h e  maximum wid th  
o f  t h a t  m e r i s tem .  He r e p o r t s  t h a t  o f t e n  such d i v i s i o n s  may not 
modify  t h e  o u t l i n e  of  t h e  a p i c a l  m e r i s t e m .  The minimal phase  i s  
i d e n t i f i e d  as t h e  p o r t i o n  o f  t h e  a x i s  d i s t a l  t o  t h e  i n i t i a t i n g  
d i v i  si ons .
In c r e a s e  o f  t h e  a p i c a l  meris tem th rough  t h e  maximal phase  i n t o  
t h e  minimal phase  i s  v a r i a b l e  among s p e c i e s .  In Cal .ycanthus 
o c c i d e n t a l  i s  t h e  apex a t  minimal phase  i s  f l a t  and 50 ym to  80 ym in 
d i a m e te r ;  a t  maximal phase  t h e  apex i s  dome-shaped and measures  up 
t o  150 ym in h e ig h t  and 230 ym wid th  (D e n g le r ,  1972) .  In Drimys 
w i n t e r i  v a r .  c h i l e n s i s  t h e  minimal a re a  i s  57-70 ym in wid th  w h i le  
t h e  maximal a r e a  v a r i e s  from 98-130 ym in w id th  and in II l ic ium  
t h e  minimal s u r f a c e  i s  114-123 ym in wid th  w h i le  t h e  maximal s u r f a c e  
i s  221 ym in  w id th  ( G i f f o r d ,  1950).
The primQrdium, f o l l o w i n g  i n i t i a t i o n ,  e n l a r g e s  and becomes 
e l e v a t e d .  In Drimys ( G i f f o r d ,  1951) ,  t h i s  e l e v a t i o n  r e s u l t s  from 
m e r i s t e m a t i c  a c t i v i t y  o f  t h e  co rpus  w i th  few p e r i c l i n a l  d i v i s i o n s  
o f  t h e  t u n i c a .  F u r t h e r ,  a b a x i a l  c e l l s  t h a t  a r e  d e r i v a t i v e s  o f  t h e  
T2 l a y e r  undergo more p e r i c l i n a l  d i v i s i o n s  than  c o u n t e r p a r t s  on t h e
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a d a x ia l  s i d e  t h u s  r e s u l t i n g  in t h e  f o r m a t i o n  o f  an a b a x i a l  hump 
which widens t h e  l e a f  and e f f e c t s  an a p p a r e n t  c u r v a t u r e .
In  Doxantha ( S i s t r u n k  and Tucke r ,  1974),  where l e a f  i n i t i a t i o n  
occu rs  in t h e  t h i r d  s u b s u r f a c e  l a y e r ,  f o r m a t i o n  of a l e a f  b u t t r e s s  
10 ym in h e i g h t  s i g n a l s  t h e  i n i t i a t i o n  of p e r i c l i n a l  c e l l  d i v i s i o n s  
in t h e  f o u r t h  s u b s u r f a c e  l a y e r .  D e r i v a t i v e s  o f  t h e  second and t h i r d  
s u b s u r f a c e  l a y e r  a r e  r e s p o n s i b l e  f o r  i n i t i a l  e lo n g a t i o n  of  t h e  
pr imordium.
E a r ly  in  t h e  primordium developm ent ,  procambial  s t r a n d s  
u s u a l l y  form in  t h e  f u t u r e  midvein  d i f f e r e n t i a t i n g  a c r o p e t a l l y  in 
c o n t i n u i t y  w i th  l e a f  t r a c e  procambium in t h e  a x i s  (Esau ,  1977).
F o s t e r  (1936) c o n s i d e r s  t h e  fo r m a t i o n  of  t h i s  median s t r a n d  to  be 
h ig h ly  s i g n i f i c a n t .  T h i s  procambial  development somehow f u r t h e r  
i n f l u e n c e s  growth by s t i m u l a t i n g  t h e  f o l i a r  primordium t o  grow more 
r a p i d l y  t h a n  t h e  a p i c a l  mer is tem ( P r i e s t l e y  and S c o t t ,  1933).  T h i s  
c o n ce p t  o f  t h e  impor tance  o f  t h e  procambial  s t r a n d  t o  f u r t h e r  l e a f  
development i s  conf i rm ed  by t h e  ev id en ce  p r e s e n t e d  by Cross  (1937) 
in h i s  s tu d y  of  Morus . In Morus, i f  a primordium d e v e lo p s  procambium 
b e f o r e  i t  r e a c h e s  a l e n g th  of 75 ym i t  w i l l  deve lop  i n t o  a f o l i a g e  
l e a f ,  w h e rea s ,  a bud s c a l e  does  no t  deve lop  procambium u n t i l  i t  has  
a t t a i n e d  t h e  h e i g h t  o f  s e v e r a l  hundred m ic r o m e te r s .  In S p i r a e a  
l a t i f o l i a  t h e  procambium i s  i d e n t i f i a b l e  i n  t h e  meris tem a t  l e a f  
i n i t i a t i o n  and then  dev e lo p s  a c r o p e t a l l y  (Rouffa  and G u n ck e l , 1951b).  
T h i s  i s  s i m i l a r  to  p i n e a p p l e ,  Ananas, where t h e  f i r s t  p r im o rd ia l  
procambium s t r a n d  i s  found in  t h e  f o l i a r  b u t t r e s s  (K rauss ,  1949),  
bu t  i s  u n l i k e  C le m at i s  ( T e p f e r ,  1960) ,  Drimys ( G i f f o r d ,  1951) or
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members of  the  Graminae (Sharman and H i t c h ,  1967) where procambium 
i s  no t  a s s o c i a t e d  w i th  t h e  l e a f  primordium in  t h e  l e a f  b u t t r e s s  
s t a g e .  The ran g e  of o b s e r v a t i o n s ,  up t o  1936, f o r  t h e  development 
o f  procambium in l e a v e s  was summarized by F o s t e r  (1936) ;  he r e p o r t e d  
procambium a r i s i n g  f i r s t  in  p r im o rd ia  54-70 ym lo n g .  Examples 
f a l l i n g  around t h i s  r a n g e  a r e  C l e m a t i s , (40 ym T e p f e r ,  1960);  C a ry a , 
(50-90 ym F o s t e r ,  1935);  Acacia  (60 ym Boke, 1940; R ick so n ,  1969);  
Xanthium (60 ym Maksymowych, 1973);  and Doxantha (60 ym S i s t r u n k  and 
Tucker ,  1974).
Some o f  t h e  f o l i a r  procambia l  s t r a n d s  may a r i s e  in d e p e n d e n t ly  
of  t h e  v a s c u l a r  supp ly  of t h e  r e s t  o f  t h e  p l a n t .  In T r i t i c u m  
a e s t i v u m , Sharman and H i tch  (1967) found t h a t  t h e  median s t r a n d  has 
i t s  p o in t  o f  o r i g i n  in t h e  f o l i a r  b u t t r e s s  of t h e  primordium which 
th e y  r e f e r  to  as  a " d i s c  of i n s e r t i o n . "  L a t e r a l  s t r a n d s  o r i g i n a t e  
h ig h e r  in t h e  pr imordium. Once t h e  procambia l  s t r a n d s  have been 
i n i t i a t e d  t h e y  "extend upwards and downwards from t h e i r  p o i n t  of  
o r i g i n ,  a l l  t h e  s t r a n d s  e v e n t u a l l y  l i n k i n g  w i th  s t r a n d s  going  to  
o th e r  p a r t s  of  t h e  p l a n t . "  In t h i s  s p e c i e s ,  e v e n tu a l  l i n k a g e  may no t  
o ccu r  u n t i l  f o u r  p l a s t o c h r o n s  have p a s se d ;  hence ,  t h e  n u t r i e n t s  f o r  
p ro d u c t io n  of  t h i s  t i s s u e  presumably a re  s u p p l ie d  "by means o f  
d u f f u s i o n  a lone"  (Sharman and H i t c h ,  1967) .
Apical  Growth o f  t h e  Leaf
The f o l i a r  primordium g r a d u a l l y  t a k e s  on t h e  ap pea rance  of 
a c o n i c a l ,  b l a d e l e s s  p ro tu b e r a n c e  (Esau ,  1977).  T h i s  s t r u c t u r e  i s  
t h e  f u t u r e  p e t i o l a r - m i d r i b  r e g i o n .  At t h e  t i p  of t h e  co n e ,  
m e r i s t e m a t i c  c e l l s  in  t h e  second s u b su r f a c e  l a y e r  f u n c t i o n  a s  f o l i a r
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a p i c a l  i n i t i a l s  i n c r e a s i n g  t h e  h e ig h t  of t h e  primordium in  Drimys 
( G i f f o r d ,  1951) and C a ly can th u s  ( D e n g le r ,  1972) .  These i n i t i a l s  
f i r s t  appea r  in a primordium which i s  a s  l i t t l e  as 50 ym h ig h ,  or 
i t  may be d e l a y e d .  In N ic o t i a n a  tabacum (Avery,  1933) ,  t h e  c e l l s  
in  t h e  l e a f  primordium t i p  can be t r a c e d  back t o  t h e  a c t i v i t y  of 
s i n g l e  c e l l s  a t  t h e  apex ,  b u t ,  in Carya ( F o s t e r ,  1935) ,  no c l e a r  
d em arca t io n  could  be found as a p i c a l  g row th ,  i n  t h a t  s p e c i e s ,  i s  
f o s t e r e d  by a l a r g e  g roup  o f  s u b - a p i c a l  i n i t i a l s .  The a p i c a l  growth 
o f  t h e  primordium may be r e l a t e d  to  cont inued  p e r i c l i n a l  and a n t i ­
c l i n a l  d i v i s i o n s  o f  sub-ep iderm al  or  s u b - a p ic a l  i n i t i a l s .  These  
i n i t i a l s  a r e  t h e  l i n e a r  d e sc e n d a n t s  o f  s u b - s u r f a c e  c e l l  l a y e r s  of 
t h e  a p i c a l  meris tem ( F o s t e r ,  1936).  The a p i c a l  growth of  t h e  l e a f  
primordium may be pro longed up to  t h e  h e ig h t  o f  1148 ym in  Drimys 
( G i f f o r d ,  1951) ,  50 ym in  Acacia (Boke, 1940) or 2000-3000 ym in  
N ic o t i a n a  (Avery,  1933).
F u r t h e r  development in  t h e  l e a f  i s  f a c i l i t a t e d  by i n t e r c a l a r y  
g row th .  As r e p o r t e d  in  Xanthium, i n t e r c a l a r y  growth i n  c o n ju n c t io n  
w i th  t h e  a p i c a l  g ro w th ,  c e l l  d i v i s i o n  and en la rgem en t  r e s u l t s  in 
i n c r e a s e  in primordium h e i g h t  (Maksymowych, 1973; Maksymowych and 
Wochok, 1969).  F u r t h e r  growth and f l a t t e n i n g  in t h e  primordium 
c o n t i n u e s  w i th  t h e  c e n t r a l  p o r t i o n  d eve lop ing  in to  t h e  f u t u r e  m i d r i b .
The growing primordium may spread  sideways from t h e  m id r ib  
o r  bend toward t h e  a d ax ia l  s i d e  of  t h e  l e a f  (E sau ,  1977).  Adaxia l  
a rch ing  b eg in s  in  Drimys when th e  primordium r e a c h e s  90-130 ym in 
h e i g h t  ( G i f f o r d ,  1951).  F u r t h e r  c e l l u l a r  d i v i s i o n  in t h i s  r e g io n  up 
t o  t h e  140-190 ym s t a g e  r e s u l t s  in  an a d a x ia l  bu lge  which d e l i m i t s
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t h e  f u t u r e  p e t i o l a r  r e g i o n  ( G i f f o r d ,  1951).  I n c r e a s e  in m id r ib  
t h i c k n e s s  i s  f o s t e r e d  by p e r i c l i n a l  d i v i s i o n s  in a s t r i p  o f  t i s s u e  
found on th e  a d a x ia l  s i d e  o f  t h e  primordium c a l l e d  th e  a d a x ia l  
m e r i s t e m .  Th is  cam bium -l ike  t h i c k e n in g  of  t h e  l e a f  primordium in 
some i n s t a n c e s  forms t h e  e n t i r e  l e a f  base  ( i n  C arya ) or a m ass ive  
l e a f  a x i s  which " l a t e r  s p e c i a l i z e s  i n to  t h e  l e a f  b a s e ,  p e t i o l e  and 
r a c h i s  o f  t h e  p i n n a t e  l e a f "  ( F o s t e r ,  1935) .  In Morus, however,  t h e  
p e t i o l a r  development does  not occur  u n t i l  t h e  lamina has undergone 
e x t e n s i v e  deve lopm ent .  The ad ax ia l  mer is tem d eve lops  and p e r s i s t s  
u n t i l  t h e  lamina  of  t h e  f o l i a g e  l e a f  i s  in  an advance s t a t e  of 
development ( C ro s s ,  1937).
O r ig in  o f  t h e  Lamina
As growth in l e n g th  and t h i c k n e s s  of t h e  primordium c o n t i n u e s ,  
t h e  lamina  beg ins  t o  d i f f e r e n t i a t e .  Leaf p r im ord ia  a r e  g e n e r a l l y  
l e s s  th a n  1 mm long a t  i n c e p t i o n  of m arg ina l  growth (E sau ,  1965) and 
th e y  have no t  comple ted a p i c a l  growth (Avery ,  1933*, F o s t e r ,  1936; 
McDaniels and Cowart ,  1944) .  In Drimys t h i s  phase o f  growth beg ins  
when t h e  primordium i s  ap p ro x im a te ly  90-130 ym high ( G i f f o r d ,  1951).
Blade fo r m a t i o n  of  t h e  l e a f  r e s u l t s  from th e  m e r i s t e m a t i c  
a c t i v i t y  o f  l i n e s  of v e r t i c a l l y  super imposed m arg ina l  and submarginal  
i n i t i a l s  ( F o s t e r ,  1936).  The m arg ina l  i n i t i a l s  a r e  t h e  ou te rm os t  
c e l l s  a t  t h e  edge of  t h e  lam ina .  These c e l l s  g e n e r a l l y  d i v i d e  
a n t i c l i n a l l y ,  c o n t r i b u t i n g  c e l l s  t o  t h e  a b a x ia l  and a d a x ia l  pro toderm 
l a y e r s .  Submarginal i n i t i a l s  l i e  benea th  t h e  protoderm and c o n t r i b u t e  
c e l l s  t o  t h e  i n t e r i o r  of t h e  l e a f .  T oge the r  th e  m arg ina l  and sub-
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m arg ina l  i n i t i a l s  form t h e  m arg ina l  m e r i s tem .  The sequence of 
d i v i s i o n s  in t h e  m arg ina l  mer is tem i s  s p e c i e s  s p e c i f i c  and i s  
s u b j e c t  to  v a r i a t i o n .
In many d i c o t y l e d o n s ,  t h e  m arg ina l  m er is tem s  a r e  tu rn ed  
toward th e  a x i s  r e s u l t i n g  in  a lamina t h a t  may develop  around t h e  
a x i s  as  seen in L i r i o d e n d r o n  ( M i l l i n g t o n  and Gunckel,  1950).
Marginal  growth may a l s o  r e s u l t  in t h e  p ro d u c t io n  o f  a c o n d u p l i c a t e  
l e a f  as  in M ic h e l i a  (T u c k e r ,  1962) or t h e  l e a f  may remain f u l l y  
expanded a s  in  Linum ( G i r o l a m i ,  1954).  Tucker (1962) r e p o r t s  t h a t  
in  Michel i a  m arg ina l  growth  b eg in s  a s  soon a s  t h e  l e a f  forms a 
p r o t u b e r a n c e .  The l e a f  base  ex tends  around t h e  apex .  The marg ina l  
f l a n g e s  a r e  s t i p u l a r  in  n a t u r e  w i th  t h e  two marg ins  becoming 
c o n t in u o u s  around t h e  a p i c a l  m e r i s t e m .  T h i s  mode of s h e a l t h  fo r m a t io n  
has a l s o  been d e s c r i b e d  in L i r io d e n d ro n  ( M i l l i n g t o n  and Gunckel,  1950).  
In Drimys, G i f f o r d  (1951) i n d i c a t e s  t h a t  t h e  i n c e p t i o n  o f  t h e  
m arg ina l  growth i s  s i g n a l e d  by t h e  appearance  of  submarginal  i n i t i a l s  
which produce f l a p s  of t i s s u e  ex ten d in g  from t h e  o r i g i n a l  l e a f  a x i s  
and r e s u l t s  in an a d a x ia l  f o l d i n g .  These  a d a x i a l  margins  remain  in 
a h ig h ly  m e r i s t e m a t i c  s t a t e .  In t h i s  r e g i o n  i n t e n s i f i e d  growth and 
c e l l  d i v i s i o n  r e s u l t  in  t h e  fo r m a t io n  of two d e l i c a t e  r i d g e s  o r  wing­
l i k e  e x t e n s i o n s  from which t h e  lamina i s  g r a d u a l l y  d i f f e r e n t i a t e d .
In Drimys t h i s  m arg ina l  a c t i v i t y  appea rs  near  th e  base  and proceeds  
a c r o p e t a l l y  bu t  never  r e a c h e s  t h e  extreme t i p  of t h e  primordium.
Maksymowych and Wochok (1969) d e f i n e  t h e  m arg ina l  mer is tem 
in  t h e i r  s tudy  of Xanthium a s  being "a group of  c e l l s  w i th in  ab o u t  
f o u r  ( c e l l )  d i a m e t e r s  of t h e  l e a f  margin"  t h a t  i n i t i a t e s  t h e  l e a f
12
b la d e  by forming f i v e  o r  s ix  m e r i s t e m a t i c  c e l l  l a y e r s  which a c t  as  
a p l a t e  m e r i s t e m .  C e l l s  in t h e  ou te rm os t  l a y e r  of  t h e  b l a d e ,  t h e  
p ro tode rm ,  d i v i d e  p re d o m in a n t ly  in t h e  a n t i c l i n a l  p l a n e .  But t h e  
submarginal i n i t i a l s  d i v i d e  in  s e v e r a l  p l a n e s  ( a n t i c l i n a l ,  
p e r i c l i n a l  and o b l iq u e )  and t h e  d e r i v a t i v e s  o f  t h e s e  c e l l s  may 
d i v i d e  f u r t h e r  o r  d i f f e r e n t i a t e  depending upon t h e  s p e c i e s  be ing 
s t u d i e d .  F o s t e r  (1936) d e s c r i b e d  two b a s i c  modes o f  beh av io r  in 
t h e  submarginal i n i t i a l s .  In t h e  f i r s t  mode, t h e  a l t e r n a t e  
p e r i c l i n a l  and a n t i c l i n a l  d i v i s i o n s  form t h e  main i n t e r n a l  l a y e r s  o f  
th e  l e a f  ( i . e . ,  N i c o t i a n a , Avery 1933) .  In t h e  second b a s i c  t y p e ,  
t h e  submarginal i n i t i a l s  d i v i d e  o b l i q u e l y  producing two i n t e r n a l  
l a y e r s .  The a d a x i a l  l a y e r  c e a s e s  f u r t h e r  d i v i s i o n ,  bu t  t h e  a b a x ia l  
l a y e r  undergoes  p e r i c l i n a l  d i v i s i o n s  producing f u r t h e r  t i e r s  o f  
c e l l s  ( i . e . ,  C arya , F o s t e r  1935) .
Clowes (1961) i n d i c a t e s  t h a t  in o rd e r  f o r  t h e  c e l l  l i n e a g e s  
t o  f o l l o w  d i a g r a m m a t i c a l l y  as d e s c r i b e d  by F o s t e r ,  t h e  assum ption  
must  be  made t h a t  t h e r e  i s  on ly  one row o f  m e r i s t e m a t i c  submarginal  
i n i t i a l s .  The o b s e r v a t i o n ,  in  seme ch im eras  of  N i c o t i a n a , t h a t  
mesophyl l  c e l l s  a r e  t h e  d e r i v a t i v e s  of second and t h i r d  l a y e r s  o f  
c e l l s  (S te w a r t  and Burk ,  1970; S te w a r t  and Dermen, 1975) shows t h a t  
Avery may n o t  have a c c u r a t e l y  a s s e s s e d  m arg ina l  development in  t h i s  
g e n u s .  F u r t h e r ,  t h e  m arg in a l  and submarginal  i n i t i a l  c e l l s  may 
become i n d i s t i n c t  and t h e r e f o r e  t h e  r e l a t i o n  between them and t h e i r  
p u t a t i v e  d e r i v a t i v e s  may a l s o  become confused  a s  t h e  com plex i ty  of 
t h e  l e a f  s t r u c t u r e  i n c r e a s e s .  L a te r  s t u d i e s  based upon t h e  
d i s t r i b u t i o n  o f  m i to s e s  in Xanthium (Makysmowych, 1973; Maksmowych
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and Wochok, 1969) and Lupinus (Fuchs ,  1968) found no r e g u l a r  c e l l  
l i n e a g e  p a t t e r n .  T h i s  l e d  to  t h e  c o n c lu s io n  t h a t  t h e  co n cep t  o f  
d i s t i n c t  i n i t i a l s  in  t h e  a p i c a l  and m arg ina l  m er is tem s  i s  not 
a p p l i c a b l e  in  a l l  c a s e s  and t h a t  t h e y  may n o t  be as p r e c i s e l y  
r e l a t e d  t o  th e  i n n e r  ones  as  was o r i g i n a l l y  t h o u g h t .
The i n c e p t i o n  and d u r a t i o n  of t h e  m arg in a l  mer is tem a c t i v i t y  
i s  im p o r ta n t  in  t h e  d e t e r m i n a t i o n  of  f i n a l  l e a f  s h a p e .  Lobed l e a v e s  
a r e  t h e  r e s u l t  o f  d i f f e r e n t i a l  growth  in  t h e  m arg ina l  m e r i s t e m s .
In t h e  s p h e r i c a l  xeromorphic  l e av e s  of Senecio  m arg ina l  mer is tem  
a c t i v i t y  i s  a b s e n t  ( H i l l s o n ,  1979) .  Marginal m e r i s tem s  a r e  
r e s p o n s i v e  to  env i ronm en ta l  i n f l u e n c e s  (Ashby, 1948).  S tu d ie s  of  
Ranunculus  (B o s t ra ck  and M i l l i n g t o n ,  1962),  H ip p u r i s  (McCully and 
D ale ,  1961) and t h e  f e r n ,  M a r s i l e a  (Gaudet ,  1964a; 1964b; 1965),  
have shown t h e  e f f e c t s  e x e r t e d  upon l e a f  shape by l i g h t ,  t e m p e r a t u r e ,  
hum id i ty  and submergence in  w a te r .  I t  has been d em o n s t ra t ed  t h a t  
t h e s e  e x t e r n a l  i n f l u e n c e s  a f f e c t  t h e  a c t i v i t y  of  t h e  m arg ina l  
m e r i s tem ,  t h u s  producing  a h e t e r o p h y l l o u s  c o n d i t i o n .  E n v i ro n m en ta l ly  
induced h e t e r o p h y l l y  i s  a l s o  observed between s i m i l a r  s p e c i e s  from 
sh rub  bogs and mounta in  h a b i t a t  ( P h i l p o t t ,  1956) .
H i s t o g e n e s i s  and M a tu r a t i o n  of  t h e  Lamina
F u r t h e r  growth  o f  t h e  lamina i s  a ch ie v e d  by a n t i c l i n a l  
d i v i s i o n s  o f  th e  v a r i o u s  l a y e r s  o f  t h e  lamina  by p l a t e  meris tem 
a c t i v i t y .  Esau (1965) d e f i n e s  a p l a t e  meris tem as  a " m e r i s t e m a t i c  
t i s s u e  c o n s i s t i n g  of  p a r a l l e l  l a y e r s  of c e l l s  d i v i d i n g  o n ly  a n t i -  
c l i n a l l y  w i th  r e f e r e n c e  to  t h e  wide s u r f a c e  of t h e  t i s s u e . "  The 
number o f  c e l l  l a y e r s  i s  no t  i n c r e a s e d  in  a p l a t e  m er is tem  and th e
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n e t  r e s u l t  i s  an e x t e n s i v e  s h e e t  of t i s s u e .  T h i s  s t r a t i f i c a t i o n  i s  
d i s t u r b e d  o n ly  by t h e  fo r m a t io n  of procambia l  s t r a n d s ,  th e  
a s s o c i a t e d  s h ea th  and mechan ica l  t i s s u e s  ( F o s t e r ,  1936) .
In Xanth ium, t h e  p l a t e  meris tem c o n s i s t s  o f  s ix  l a y e r s  o f  
m e r i s t e m a t i c  c e l l s  e s t a b l i s h e d  by t h e  m arg ina l  m e r i s tem .  Th is  
mer is tem undergoes  a c t i v e  d i v i s i o n s  in  both t h e  a n t i c l i n a l  and 
p e r i c l i n a l  p la n es  r e s u l t i n g  in  t h e  e x t e n s i o n  o f  t h e  l e a f  b l a d e .  At 
a l a t e r  d a t e ,  f u r t h e r  p e r i c l i n a l  d i v i s i o n s  e s t a b l i s h  8 -1 0  c e l l  l a y e r s  
(Maksymowych, 1973) .  In t h i s  manner t h e  p l a t e  mer is tem can a l s o  
add t o  t h e  t h i c k n e s s  o f  th e  b l a d e .
In a t y p i c a l  d o r s i v e n t r a l  l e a f ,  m a t u r a t i o n  of  t h e  l e a f  beg ins  
w i th  r e d u c t i o n  in t h e  number o f  c e l l  d i v i s i o n s .  The c e l l s  o f  t h e  
ep id e rm is  a r e  t h e  f i r s t  to  s to p  d i v i d i n g ,  t h e  spongy mesophyl l  c e l l s  
a r e  t h e  nex t  and t h e  p a l i s a d e  mesophyl l  c e l l s  d i v i d e  t h e  lo n g e s t  
( T e t l e y ,  1936).  Subsequent expans ion  and s e p a r a t i o n  o f  th e  c e l l s  o f  
th e  l e a f  r e s u l t s  in  t h e  fo r m a t io n  of t h e  l a r g e  sch izogenous  a i r  
spaces  of  t h e  spongy mesophyl l  c e l l s  (Avery ,  1933; T e t l e y ,  1936; Esau, 
1965; F o s t e r ,  1936) .  In N ic o t ia n a  t h i s  expans ion  and r e s u l t a n t  
fo r m a t io n  of t h e  a i r  spaces  beg ins  when th e  l e a f  i s  100 ym long with 
t h e  r e c i p r o c a l  p u l l  r e s u l t i n g  in  t h e  s inuous  o u t l i n e  of t h e  ep idermal 
c e l l s  (Avery ,  1933; T e t l e y ,  1936).  The p a l i s a d e  mesophyl l  c e l l s  
d i v i d e  meanwhile and keep pace w i th  t h e  expanding e p id e r m is ,  th u s  
making t h e  upper ep idermal  c e l l  o u t l i n e s  l e s s  s inuous  th a n  t h e  low er .
Denne (1 9 6 6 ) ,  observed  t h a t  t h e  r a t e s  o f  c e l l  expans ion  in 
T r i f o l i u m  peaked f i r s t  on t h e  lower e p id e r m is ,  and l a t e r  in  t h e  upper 
e p id e rm is  and p a l i s a d e  parenchyma. In Fagus , D eng le r ,  MacKay and
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Gregory  (1975) found an i n c r e a s e  in t r a n s v e r s e  a rea  in t h e  upper  
e p id e r m is  w h i le  a t  t h e  same t ime  c e l l  s i z e  o f  t h e  lower e p id e rm is  
d e c r e a se d  a s  a r e s u l t  o f  a h ighe r  r a t e  of c e l l  d i v i s i o n  and s lower  
c e l l  e n la r g e m e n t .  D i f f e r e n t i a l  r a t e s  of expans ion  were a l so  
observed  between t h e  upper  and lower e p id e r m is  in  V i t i s  and C a t a lp a  
(Mounts,  1932).
D e n g le r ,  MacKay and Gregory (1975) found i t  d i f f i c u l t  t o  
a t t r i b u t e  i n t e r c e l l u l a r  space  f o r m a t i o n  in t h e  spongy mesophyl l  
d i r e c t l y  t o  lower ep idermal  ex pans ion .  They c o n s id e red  t h e  d r i v i n g  
f o r c e  f o r  t h e  i n t e r c e l l u l a r  space fo r m a t io n  to  r e s u l t  from t h e  
d i f f e r e n t i a l  expans ion  of t h e  "arms" o f  t h e  spongy mesophyl l  c e l l s  
a f t e r  d i f f e r e n t i a l  d i s s o l u t i o n  o f  th e  c e l l u l a r  cementing s u b s t a n c e .  
However, t h e  i n t e r c e l l u l a r  space fo r m a t io n  in t h e  p a l i s a d e  
parenchyma was a t t r i b u t e d  by t h e s e  a u th o r s  t o  t h e  expans ion  o f  t h e  
upper e p id e r m is .
Pyrus malus (McDaniels and Cowart , 1944) ,  t h e  t im e  of  
c e s s a t i o n  of c e l l  d i v i s i o n  d i f f e r s  from t h a t  in  t h e  p re v io u s  examples .  
The lower epidermal c e l l s  c o n t i n u e  to  d i v i d e  a f t e r  t h e  spongy mesophyl l  
c e l l s  have s topped d i v i d i n g ,  from an i n i t i a l  1:1 r a t i o  between 
ep id e rm is  and spongy mesophyl l  c e l l s .  On t h e  a d a x ia l  s u r f a c e  t h e r e  
i s  r e p o r t e d  to  be a 10:1 r a t i o  of p a l i s a d e  to  upper e p id e r m is ;  on t h e  
a b a x ia l  s u r f a c e  t h i s  r a t i o  i s  about 2:1 ep idermal c e l l s  t o  spongy 
mesophyl l  c e l l s .  S i m i l a r l y ,  in  C a ta lp a  (Mounts, 1932),  fo l l o w in g  
l e a f  e x p a n s io n ,  t h e  r a t i o  o f  p a l i s a d e  c e l l s  t o  ep idermal  c e l l s  i s  
4 : 1 .
During h i s t o g e n e s i s  t h o s e  c e l l s  r e f e r r e d  to  as i d i o b l a s t s  a re  
fo rmed .  As d e f in e d  by F o s t e r  (1956) i d i o b l a s t s  a r e  " i s o l a t e d  c e l l s  
which d i f f e r  in t h e i r  fo rm ,  s i z e ,  c o n t e n t s  and c e l l  wall  s t r u c t u r e  
from ne ig h b o r in g  e l e m e n t s . "  T h is  te rm has  been a p p l i e d  to  an a r r a y  
o f  c e l l s  in c lu d in g  c y s t o l i t h s ,  u n i c e l l u l a r  t r i c h o m e s ,  guard  c e l l s  of 
s to m a ta ,  s i l i c a  c e l l s  and o i l  c e l l s .  Many of  t h e  i d i o b l a s t s  have 
been shown t o  be a s s o c i a t e d  w i th  p a r t i c u l a r  genera  r a t h e r  than  w i th  
t h e  h a b i t a t  ( P h i l p o t t ,  1956).
In h i s  rev iew  o f  p l a n t  i d i o b l a s t s ,  F o s t e r  (1956) i n d i c a t e s  
t h a t  t h e s e  c e l l s  a re  u s u a l l y  t h e  p ro d u c t s  of  "u n eq u a t io n a l  d i v i s i o n "  
where t h e  s m a l l e r  and more d e n s e ly  cy to p la sm ic  d a u g h te r  c e l l  of  a 
p a i r  may d i f f e r e n t i a t e  i n to  an i d i o b l a s t .
P robab ly  t h e  most  i n t e n s i v e l y  s t u d i e d  i d i o b l a s t s  a r e  t h e  
guard  c e l l s  of  t h e  s to m a ta .  The s tomata  a r e  p ro d u c t s  o f  d i f f e r e n t i a l  
d i v i s i o n s  in  th e  p ro toderm.  Following s e v e r a l  d i v i s i o n s  t h e  guard  
c e l l  i n i t i a l  i s  formed which l a t e r  d i v i d e s  a g a in  to  form t h e  p a i r  o f  
guard  c e l l s .
S e c r e t o r y  c e l l s  or " o i l  c e l l s "  a r e  i d i o b l a s t s  c h a r a c t e r i s t i c  
o f  many p l a n t  genera  (M e tca l fe  and Chalk,  1950).  Esau (1965) i n d i c a t e s  
t h a t  t h e s e  a r e  one ty p e  o f  c e l l  i n t o  which o i l  i s  s e c r e t e d  dur ing  
developm ent .  Oil c e l l s  c h a r a c t e r i z e  members o f  t h e  p r i m i t i v e  
R ana l ian  taxa  in a t  l e a s t  20 woody p l a n t  f a m i l i e s ,  in c lu d in g  t h e  
Magnol i a c e a e .
The ontogeny o f  o i l  c e l l s  in t h e  Magnol iaceae  v a r i e s  g r e a t l y ;  
however, e a r l y  s t a g e s  a re  s i m i l a r  in a l l  s p e c i e s  s t u d i e d  (West,
1969).  The o i l  c e l l  i n i t i a l  i s  l a r g e r  and has a h ighe r  s t a i n i n g
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a f f i n i t y  th a n  t h e  su r round ing  c e l l s .  During e a r l y  developm ent ,  
t h i s  i n i t i a l  i n c r e a s e s  in s i z e  and an o i l  sac forms which i s  a t t a c h e d  
t o  t h e  c e l l  wall  by a p e g - l i k e  wall  p r o j e c t i o n .  With c o n t in u e d  
developm ent ,  t h e  p r o t o p l a s t  o f  t h e  c e l l  i s  su p p lan ted  by t h e  o i l  sac  
and t h e  n u c leu s  d i s a p p e a r s .  E v e n tu a l ly  t h e  o i l  sac  o c cu p ie s  t h e  
e n t i r e  c e l l  p o s s i b l y  r u p t u r i n g  t h e  c e l l  wall  (West,  1969) .  In 
Sauru rus  ce rnuus  (T ucke r ,  1976b) th e  f i r s t  r e c o g n i z a b l e  s t a g e  of o i l  
c e l l  development i s  found in  t h e  subpro todermal  l a y e r  d u r in g  l a t e  
s t a g e s  of h i s t o g e n e s i s  w h i le  t h i s  l a y e r  i s  undergoing  l a t e r a l  
expans ion  and development o f  i n t e r c e l l u l a r  s p a c e s .  These  c e l l s  a r e  
r e c o g n ized  by a l a r g e  v a cu o le  e c c e n t r i c a l l y  l o c a t e d  on th e  s i d e  of 
t h e  protoderm l a y e r  w i th  t h e  nuc leus  f a c i n g  away. Unequal d i v i s i o n s  
i n i t i a t i n g  t h e  i d i o b l a s t  r e p o r t e d  f o r  o t h e r  p l a n t s  was no t  d e t e c t e d  
(T ucker ,  1976b).  West (1969) r e p o r t e d  t h a t  in  M_. v i r g i n i a n a ,
M. q r a n d i f l o r a  and s e v e r a l  o th e r  s p e c i e s ,  some o i l  c e l l s  and 
su r round ing  parenchyna  c e l l s  may l y s e ,  forming a l y s ig e n o u s  c a v i t y  
in  t h e  l e a f .  T h i s  l y s ig e n e o u s  o i l  c e l l  development d i f f e r s  from t h a t  
in t h e  s e c r e t o r y  o i l  g l a n d s  in  C i t r u s  s i n e n s i s , where an o i l  chamber 
forms s ch iz o g e n o u s ly  th rough  wall s e p a r a t i o n  and t h e  o i l  i s  t h e n  
s e c r e t e d  d i r e c t l y  i n t o  t h i s  c a v i t y  (Thompson ist a l_ . , 1976).
In t h e  M agno l iaceae ,  t h e  o i l  sac i s  a t t a c h e d  to  t h e  c e l l  wall  
by a c e l l u l o s i c  peg (W est ,  1969) and i s  th o u g h t  t o  be a u n i f y i n g  
f e a t u r e  of  o i l  c e l l s  (Maron and Fahn, 1979).  However, such a peg 
was no t  found in Sauru rus  cernuus  (T u ck e r ,  1976b) or in  Acorus  calamus 
(Amelunxen and Gronau, 1969).  Recent  work by Maron and Fahn (1979) 
p r e s e n t e d  l i g h t  m ic ro s co p ic  and u l t r a s t r u c t u r a l  ev idence  t h a t
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c o n c l u s i v e l y  proved a c e l l u l o s i c  peg i s  p r e s e n t  in  Laurus  n o b i1 i s . 
C l e a r l y ,  many q u e s t i o n s  remain  to  be answered r e g a r d in g  e t h e r a l  o i l  
c o n t a i n i n g  i d i o b l a s t s .
S i l i c a  c e l l s  a re  a n o th e r  ty p e  of i d i o b l a s t  t h a t  forms d u r in g  
l e a f  deve lopm ent .  S i l i c o n  occurs  n a t u r a l l y  in many p l a n t  g ro u p s ,  
in  t h e  form o f  i t s  h y d ra te d  oxide  (SiOg • nHgO) commonly c a l l e d  s i l i c a  
( H e r ,  1955; Lanning e t  al_. 1958; Lewin and Reimann, 1969).  S i l i c a  
i s  g enera l  ly  amorphous in  n a t u r e ,  b u t  c r y s t a l l i n e  s i l i c a  has been 
found in  s e v e r a l  p l a n t s  ( S t e r l i n g ,  1967) .  S i l i c a  has been th o u g h t  
to  be a n e c e s s a r y  e lem ent  in t h e  n a t u r a l  development in many p l a n t s  
and f u n c t i o n s  in many ways in c lu d in g  s t r e n g t h e n i n g ,  pa thogen p r o t e c t i o n ,  
and r e d u c t i o n  of w a ter  l o s s .  The n e c e s s i t y  o f  s i l i c a  in  h ig h e r  p l a n t  
m etabol ism has r e c e n t l y  been q u e s t i o n e d  ( P a r r y  and Winslow, 1977).
As y e t ,  no a c t u a l  f u n c t i o n  o f  th e  s i l i c a  a cc u m u la t io n  in  t h e  p l a n t  
system i s  known; accum la t ion  may s imply  be a mechanism f o r  t h e  p l a n t  
to  s e q u e s t e r  e x ce s s  s i l i c a  t a k e n  up d u r ing  normal m e ta b o l i c  p r o c e s s e s  
(Esau ,  1965).
E x ten s iv e  s t u d i e s  of s i l i c a  found in  p l a n t s  have th u s  f a r  
been l i m i t e d  to  s p e c i e s  of t h e  Gramineae ,  E q u i s e ta c e a e  and 
B ro m e l iaceae .  Only a handful  o f  s t u d i e s  has d e a l t  w i th  t h e  p re sen ce  
of s i l i c o n  in  t h e  d i c o t y l e d o n s  and many of t h e s e  s t u d i e s  have used 
t h e  scanning  e l e c t r o n  m ic ro sco p e  or  a m ic rop robe  coupled  w i th  an 
energy  d i s p e r s i v e  X-ray a n a l y s i s  system (P a r ry  and Winslow, 1977;
P o s t e k ,  1976; S a n g s t e r ,  1978b; Kaufman, Bigelow, P e t e r i n g  and 
Drogosz,  1969; Kaufman, Bigelow, Schmid and Ghosheh, 1971; Kaufman, 
LaCro ix ,  Rosen,  A l l a r d ,  and Bigelow, 1972) a l th o u g h  s t a n d a r d  l i g h t  
m ic roscope  p rocedu res  have a l s o  been used (P a r ry  and Smithson ,  1958b).
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Within  t h e  M agno l i aceae ,  c e r t a i n  " g l i s t e n i n g "  i d i o b l a s t  
c e l l s  a t  f o l i a r  v e i n l e t  end ings  and v e in  s h e a th s  were suspended to  
be s i l i c e o u s  in  n a t u r e  (T u ck e r ,  1976a) .  These  i d i o b l a s t  c e l l s  in 
M. g r a n d i f ! o r a  were l a t e r  documented a s  s i l i c o n - c o n t a i n i n g  by u se  
of  t r a n s m i s s i o n  e l e c t r o n  m ic ro sco p y ,  scann ing  e l e c t r o n  microscopy 
and X-ray  m i c r o a n a l y s i s  ( P o s t e k ,  1976) .  The d i v e r s e  morphology o f  
t h e s e  s i l i c a  bodies  in M. g r a n d i f l o r a  s u g g e s t s  t h a t  t h e  s i l i c a  
forms th r o u g h o u t  t h e  c e l l  lumen r a t h e r  than  in  t h e  c e l l  wal l  a s  in 
t h e  g r a s s e s .  The f i n a l  shape  of s i l i c e o u s  i d i o b l a s t s  depends  l a r g e l y  
upon both t h e  c e l l  t y p e  i n  which i t  i s  d e p o s i t e d  and t h e  p l a s t i c i t y  
o f  t h e  su r ro u n d in g  c e l l s  ( P o s te k ,  1976).  I t  i s  t h o u g h t  t h a t  c e l l s  
in which t h e  s i l i c a  forms l o s e  t h e i r  p r o t o p l a s t s  and d i e  a t  some 
e a r l y  s t a g e  and th e n  a c t  as  p a s s i v e  s i n k s  f o r  t h e  s i l i c a  d e p o s i t i o n  
(Blackman, 1969) .
PART II
FOLIAR ONTOGENY AND HISTOGENESIS IN 
MAGNOLIA GRANDIFLORA L.
INTRODUCTION
Magnolia  grand  i f 1 ora L. i s  a l a r g e  e v e rg reen  t r e e  o f  t h e  
M agno l iaceae  n a t i v e  t o  t h e  s o u t h e a s t e r n  Uni ted  S t a t e s ,  and i t  i s  
w id e ly  c u l t i v a t e d  t h r o u g h o u t  t h e  w o r ld .  The p re v a len c e  of  t h i s  
t r e e  s p e c i e s  in  t h e  L o u i s i a n a  a r e a  makes i t  a c o n v e n ie n t  example f o r  
t h e  s tu d y  of l e a f  ontogeny in an eve rg reen  angiospermous s p e c i e s .
O the r  dec iduous  Magnolia  s p e c i e s  a re  a v a i l a b l e  in t h e  L o u i s i a n a -  
M i s s i s s i p p i  a r e a  and m a tu re  l e a v e s  from t h e s e  s p e c i e s  a re  compared 
with  t h e  m a t u r e ,  e v e r g r e e n  l e a v e s  o f  Magnolia g r a n d i f l o r a .
In view o f  t h e  e x t e n s i v e  l i t e r a t u r e  d e a l i n g  p r i m a r i l y  w i th  
t h e  o n t o g e n e t i c  and h i s t o g e n e t i c  p r o c e s s e s  of ang iospe rm s ,  i t  i s  r a t h e r  
s u r p r i s i n g  to  f i n d  r e l a t i v e l y  few s t u d i e s  d e a l i n g  w i th  eve rg reen  
s p e c i e s .  W ith in  t h e  M ag n o l i aceae ,  d e t a i l e d  s t u d i e s  on l e a f  ontogeny 
have been done on L i r io d e n d ro n  t u l i p i f e r a  ( M i l l i n g t o n  and G unckel ,
1950; P ray ,  1954, 1955) ,  a dec iduous  s p e c i e s ,  and M ich e l i a  f i g o  
(M. f u s c a t a ) (T ucke r ,  1962),  an e v e rg ree n  s p e c i e s .  P h i l p o t t  (1956) 
r e p o r t e d  on f o l i a g e  le av e s  of shrub  bog s p e c i e s  in c lu d in g  M. acum inata  
and M. v i r g i n i a n a , and Wylie (1931) s t u d i e d  wound r e s p o n s e s  of 
s e v e r a l  b ro ad leav ed  e v e r g r e e n s .  Tucker (1977) s t u d i e d  c e l l  
d e d i f f e r e n t i a t i o n  d u r in g  wound r e s p o n se  in t h e  m a tu re  l e a v e s  o f  26 
magno l iaceous  t a x a ,  and Tucker (1977) r e p o r t e d  on f o l i a r  s c l e r e i d s  
found w i t h i n  t h e  M agno l iaceae .
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E a r ly  work on Mk q r a n d i f l o r a  by Buchheim (1953) and Ozenda 
(1948) d e a l t  w ith  m o rpho log ica l  a s p e c t s  o f  v e g e t a t i v e  and f l o r a l  
deve lopm ent .  No r e c e n t  r e p o r t s  have d e a l t  w i th  t h e  cy to lo g y  or t h e  
v e g e t a t i v e  ontogeny in t h i s  s p e c i e s .  T h e r e f o r e ,  t h i s  s tu d y  o f  
M_. grand  i f  1 ora i s  concerned  p r i m a r i l y  with  t h e  shoo t  apex and l e a f  
deve lopm ent .  Comparisons a r e  made w i th  l e a f  s t r u c t u r e  in o t h e r  
e v e rg ree n  and d ec iduous  M agno l ias .  Hence, t h i s  s tu d y  p ro v id e s  an 
o p p o r t u n i t y  t o  d e te r m in e  any o n t o g e n e t i c  v a r i a t i o n  between dec iduous  
and e v e r g re e n  members of t h i s  f a m i ly .
MATERIALS AND METHODS
The m a t e r i a l  of  Magnolia  q r a n d i f l o r a  L. used in t h i s  
i n v e s t i g a t i o n  was o b ta in e d  from s e v e r a l  v i g o r o u s l y  growing t r e e s  on 
t h e  campus of  L ou is iana  S t a t e  U n i v e r s i t y .  The l e a v e s  and t e r m in a l  
buds g e n e r a l l y  were c o l l e c t e d  between 11:00 AM and 1:00 PM CST y e a r  
round from 1976 th ro u g h  1980. Terminal buds prepa red  f o r  s e c t i o n i n g  
were g e n e r a l l y  d i s s e c t e d  t o  remove s e v e r a l  o f  t h e  p r o t e c t i v e  o u t e r  
s t i p u l e s .  T h is  p ro ced u re  enhanced i n f i l t r a t i o n  o f  t h e  f i x a t i v e ,  
d e h y d ra t in g  agen t  and t h e  embedding medium. M a te r i a l  was f i x e d  in 
e i t h e r  f o r m ! in :  a c e t i c  a c i d :  a lco h o l  (FAA) or 10% pa ra form aldehyde
b u f f e r e d  w i th  sod ium-potass ium p h o sp h a te ,  pH 7 .4  ( P o s t e k  and Tucker ,  
1976; Winborn and S e e l i g ,  1970) and then  p repared  f o r  p a r a f f i n  
s e c t i o n i n g  by s t an d a rd  m ic r o t e c h n iq u e  p rocedure  as  d e s c r i b e d  by 
Johansen (1940) o r  a m o d i f i c a t i o n  o f  t h i s  p rocedure  ( Prent(zi 1978 and 
Appendix I ) .  Buds were  p repa red  f o r  A r a ld i t e /E p o n  epoxy r e s i n  t h i c k -  
s e c t i o n i n g  by t h e  t e c h n i q u e  o f  Pos tek  and Tucker (1 9 7 6 ) .  M a te r i a l  
was a l s o  embedded in  JB-4 medium fo l lo w in g  s t a n d a rd  p r o c e d u re .  A ll  
buds were s e c t io n e d  on e i t h e r  a Spencer  A/0 r o t a r y  m ic ro tom e,  a 
Dupont JB-4 i n t e r m e d i a t e  microtome or a Dupont MT-2 u l t r a m i c r o t o m e .
The s p i r a l  a r rangem en t  o f  t h e  l e a f  p h y l l o t a x i s  of M. 
q r a n d i f l o r a  made i t  v e ry  d i f f i c u l t  t o  s e c u re  a s a t i s f a c t o r y  number 
o f  s e r i e s  median f o r  t h e  y ounges t  l e a f .  S ince  a c c u r a t e  o r i e n t a t i o n  
of buds b e f o r e  s e c t i o n i n g  was i m p o s s i b l e ,  numerous s e r i e s  were 
p re p a red  from each l o t .  A t o t a l  of 151 buds was s e c t i o n e d  in 
p a r a f f i n ,  17 buds were s e c t io n e d  in  JB-4 medium and 29 buds were
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s e c t io n e d  in  A r a ld i t e /E p o n  epoxy r e s i n .  In t h i s  way, a s i z e a b l e  
number of ap p ro x im a te ly  median s e r i e s  was o b ta in e d  p u r e ly  by 
ch ance .
S e c t i o n s  were mounted on g l a s s  s l i d e s  and s t a i n e d  by a 
v a r i e t y  o f  me thods .  A r a l d i t e / E p o n  epoxy r e s i n  and JB-4 medium 
s e c t i o n s  were r o u t i n e l y  s t a i n e d  with 1% m ethy lene  blue-1  % borax 
(P o s tek  and T ucke r ,  1976) .  P a r a f f i n  s e c t i o n s  were s t a i n e d  w i th  
e i t h e r  a s a f r a n i n - f a s t  g reen  s e r i e s  or a t o l u i d i n e  b lu e  s e r i e s  
( S a k a i ,  1973).  S e c t i o n s  were viewed and photographed w i th  a L e i t z  
O r thop lan  m ic roscope  and Orthomat camera us ing  Kodak Panatomic-X f i l m .
Leaves in v a r i o u s  s t a g e s  o f  development were p repared  f o r  
s e c t i o n i n g  a cc o rd in g  t o  t h e  above p r o c e d u r e s .  Due to  t h e  p re sen ce  
of s i l i c e o u s  i d i o b l a s t s  and s c l e r i f i e d  t i s s u e  in  t h e  l e a v e s ,  much of 
t h i s  work was based on m a t e r i a l  embedded in th e  epoxy r e s i n  (P o s te k  
and Tucker ,  1976).
Leaves and trimmed t e rm in a l  buds were d i s s e c t e d  and then  f i x e d  
f o r  t r a n s m i s s i o n  e l e c t r o n  m icroscopy  in e i t h e r  a s t an d a rd  
g lu ta ra ld eh y d e /o sm iu m  t e t r o x i d e  t e c h n i q u e  or  a m o d i f i c a t i o n  (Appendix 
I I ) .  The b u f f e r  of  cho ice  was e i t h e r  sodium-potass ium phosphate  
(pH - 7 .3 )  or  P ipes  (Salema and Brandao,  1973).  Following f i x a t i o n ,  
t h e  m a t e r i a l  was d e h y d ra ted  by means of a g raded  s e r i e s  o f  a c e to n e  
and s u b se q u e n t ly  embedded in  an A r a l d i t e / E p o n  epoxy r e s i n  m ix tu r e  
(M ol lenhauer ,  1964).  The specimens were t h i n  s e c t io n e d  on Dupont 
MT-2 u l t r a m ic ro to m e  w i th  a diamond k n i f e ,  mounted on g r i d s ,  p o s t ­
s t a i n e d  in  l e ad  c i t r a t e  and u rany l  a c e t a t e  and viewed in  a H i t a c h i  
11A t r a n s m i s s i o n  e l e c t r o n  m ic ro sco p e  a t  75 KeV.
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Leaves a t  v a r i o u s  developm enta l  s t a g e s  were b leached  in 5% 
sodium hydrox ide  and th e n  c l e a r e d  in  s a t u r a t e d  c h l o r a l  h y d r a t e  
( A r n o t t ,  1959),  and f u r t h e r  p re p a red  by s t a n d a rd  methods o r  by t h e  
method o f  Postek (1978b) .  C le a re d  m a t e r i a l  was th e n  viewed and 
photographed w i th  b r i g h t  f i e l d  m ic ro sco p y ,  phase m ic roscopy  or  
d i f f e r e n t i a l  i n t e r f e r e n c e  c o n t r a s t  m ic ro sco p y .
M a te r i a l  f o r  scann ing  e l e c t r o n  m icroscopy  was d i s s e c t e d  and 
prepared  a cc o rd in g  to  t h e  p ro ced u re  o u t l i n e d  in  Appendix I I I .  S e l e c t e d  
specimens were a l s o  p repa red  a c c o rd in g  to  t h e  l ig a n d  osmium b ind ing  
t e c h n i q u e  (P o s te k  and T u ck e r ,  1977).  Scanning e l e c t r o n  m icroscopy  
was a l s o  done on d e p a r a f f i n i z e d  (Appendix IV) or d e p l a s t i c i z e d  
( S t e f f e n s ,  1978) s e c t i o n s  and a p i c e s .  A ll  m a t e r i a l  p repa red  was 
viewed and photographed on a H i t a c h i  S-500 scanning  e l e c t r o n  m i c r o ­
scope  a t  20-25 KeV.
Leaf m a t e r i a l  from o th e r  dec iduous  and e v e r g ree n  Maqnolia 
s p e c i e s  was c o l l e c t e d  a t  t h e  Gladney Arbore tum, G l o s t e r ,  M i s s i s s i p p i  
and prepared  f o r  comparison w i th  t h e  m a tu re  l e a f  of  M. q r a n d i f l o r a . 
S p e c ie s  c o l l e c t e d  and prepa red  in c lu d e d :
Magnolia acu m in a ta  L.
Magnolia m acro p h y l la  Michx.
Magnolia  v i r q i n i a n a  L.
Magnolia  f r a s e r i  Wa1t .
Magnolia obovata  (M. h.ypoleuca) S i e b .  & Zucc.
Maqnol i a  pyram ida ta  B a r t r .
Magnolia d e la v a y i  F ranch .
Magnolia  Campbelli  Hook, f .  & Thoms.
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Magno!ia c o r d a t a  Michx.
Magnolia  t r i p e t a l a  L.
Magnolia  sou langeana  Soulange-Bodin  
Leaves  from t h e s e  s p e c i e s  were c o l l e c t e d ,  tr immed, f i x e d  in  t h e  f i e l d  
and prepa red  f o r  l i g h t  m ic roscopy  and t r a n s m i s s i o n  e l e c t r o n  m icroscopy  
acco rd in g  t o  t h e  p ro c e d u re  o u t l i n e d  in Appendix V. The m a t e r i a l  was 
s e c t i o n e d  and s t a i n e d  as  p r e v i o u s l y  d e s c r i b e d  f o r  M_. grand  i f !  o r a .
M oni to r ing  of t h e  y e a r l y  growth o f  M. g r a n d i f l o r a  was begun 
in  Februa ry  1978 by t h e  t a g g in g  of  t w e n t y - f i v e  t e rm in a l  w i n t e r  buds 
w i th  aluminum l a b e l s  a t  t h e  base  of  th e  o u t e r  s t i p u l e .  These buds 
were checked and measured w i th  a m i l l i m e t e r  r u l e r  a t  a p p ro x im a te ly  
one-month i n t e r v a l s  f o r  one y e a r .  Data was ta k en  on t h e  s i z e  of 
t h e  t e r m i n a l  bud, sh o o t  e l o n g a t i o n ,  l e a f  number and b la d e  s i z e .  Bud 
a b o r t i o n ,  bud damage, f l o w e r  p r o d u c t io n  and i n d e s c r i m i n a t e  tr imming 
by grounds  m a in ten an ce  peop le  made t h i s  s tu d y  i n f e a s i b l e  to  c o n t i n u e  
beyond th e  one y e a r  p e r i o d .
OBSERVATIONS
Genera l  F e a tu r e s
Magnolia  q r a n d i f l o r a  L. i s  a l a r g e  e v e rg ree n  t r e e  which i s  
o f t e n  pyramidal in  h a b i t  ( F ig .  1 ) .  The growth inc rem en t  o f  t e rm in a l  
v e g e t a t i v e  stems ( F i g .  2) v a r i e s  between 30-150 mm w i th  t h e  sea sona l  
p r o d u c t io n  of  7 t o  10 l e a v e s .  These  l e a v e s  remain  on t h e  t r e e  f o r  
a p p r o x im a te ly  2 y e a r s .  In sane i n s t a n c e s ,  l e a v e s  may a b s c i s e  a f t e r  
one y e a r  on t h e  t r e e  or o t h e r  l e a v e s  may remain  on t h e  t r e e  more than  
2 y e a r s .  From one t o  t h r e e  d i s t a l  a x i l l a r y  buds may deve lop  i n t o  
v e g e t a t i v e  shoo ts  d u r in g  a growing s ea so n  ( F i g .  3 ) .  O ther  more 
proximal buds a r e  norm a l ly  i n h i b i t e d ,  b u t  i f  t h e  t e r m in a l  bud i s  
damaged t h e  a x i l l a r y  bud o f  t h e  nex t  lower node w i l l  d e v e lo p .  The 
l e a v e s  on t h e  v e g e t a t i v e  shoo t  a r e  commonly a r ranged  in  a s p i r a l  
p h y l l o t a x i s  p a t t e r n  of 2 / 5 .  The shape of  t h e  l e a v e s  i s  v a r i a b l e ,  b u t  
can be d e s c r i b e d  a s  e l l i p t i c  or obova te  with  an e n t i r e  r e v o l u t e  
m arg in .  The m atu re  l e a f  s i z e  i s  10-21 cm long by 5-8 cm in w id th .
In  Baton Rouge, s h o o t  development in  M. q r a n d i f l o r a  can be 
d iv id e d  i n t o  f o u r  a r b i t r a r y  phases :
Phase I -  March -  A p r i l  - The t e r m in a l  ( o v e r - w i n t e r i n g )  bud, 
d e f in e d  in  t h i s  s tu d y  a s  t h e  bud enc lo sed  w i t h i n  t h e  s h e a th in g  
s t i p u l e  ( F i g .  2) measures  10-15 mm in  l e n g th  a t  t h e  s t a r t  o f  t h i s  
ph ase .  But,  by t h e  l a t t e r  p a r t  of March,  e lo n g a t i o n  o f  t h e  bud 
becomes a p p a r e n t .  Concomitant w i th  bud e l o n g a t i o n ,  l e a f  senescence  
and l e a f  l o s s  o c c u r .  S ince  7-10  embryonic l e av e s  a r e  commonly 
p r e s e n t  in  t h e  dormant bud, t h e s e  l e a v e s  a r e  a v a i l a b l e  f o r  e i t h e r
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growth in  t h e  s p r i n g ,  or  l a t e  growth phases  ( f a l l ) .  The v e g e t a t i v e  
s h o o t  apex i s  enc lo sed  by p r o t e c t i v e  s t i p u l a r  s t r u c t u r e s .  As 
expans ion  c o n t i n u e s ,  t h e  s t i p u l e  p a i r s  a b s c i s e  a long t h e i r  base  
and fu s e d  m a rg in s ,  d ry  o u t  and f a l l  o f f .  Loss o f  t h e  o u t e r  s t i p u l e  
exposes  t h e  next u n d e r ly in g  b la d e  and i t s  a s s o c i a t e d  s t i p u l e .  
A b s c i s s i o n  o f  t h e  s t i p u l e  l e a v e s  a s c a r  t h a t  g i r d l e s  t h e  s tem.
The a b s c i s s i o n  of t h e  f i r s t  s t i p u l e  p a i r  does  no t  n e c e s s a r i l y  
r e s u l t  in t h e  emergence of a new la m in a .  G e n e r a l l y ,  no lamina i s  
produced from w i t h i n  t h e  f i r s t  and sometimes t h e  second s t i p u l e  a s  
embryonic lamina a b o r t i o n  occurs  w i t h i n  t h e  bud. This  a b o r t i o n  i s  
no t  r e l a t e d  to w in t e r  k i l l i n g  ( M i l l i n g t o n  and Gunckel ,  1950) a s  t h e s e  
"dead" b l a d e s  can be observed in  t h e  buds c o l l e c t e d  t h e  p rev io u s  
summer.
By t h e  end o f  A p r i l ,  t h e  f u l l  complement of  l e a v e s  formed 
w i t h i n  t h e  bud d u r in g  t h e  p re v io u s  y e a r  has emerged, a l t h o u g h  in  some 
i n s t a n c e s  a d d i t i o n a l  new l e a v e s  may s t i l l  be p roduced .  By t h e  end 
of  Apr i l  l e a f  expans ion  has reached  i t s  peak.
F u r t h e r  b ranch ing  and l e a f  fo r m a t io n  o ccu rs  in  t h e  d i s t a l  
a x i l l a r y  buds .  As w i th  t h e  main s h o o t ,  each o f  t h e  a x i l l a r y  buds 
p roduces  7-10 l e a v e s .  A x i l l a r y  bud b reak  g e n e r a l l y  o c cu r s  in  main 
b ranches  t h a t  have e lo n g a t e d  beyond 30-40 mm ( F i g .  3 ) .  A x i l l a r y  
b ranches  t end  t o  be l o n g e r  than  t h e  o r i g i n a l  t e rm in a l  shoo t  due to  
ex trem e  e l o n g a t i o n  of  t h e  lowermost i n t e r n o d e  (hypopodium ). Such 
s y l l i p t i c  b ranch ing  has  been p r e v i o u s l y  d e s c r i b e d  f o r  M. g r a n d i f l o r a  
(Buchheim, 1953) and i s  common in  many t r o p i c a l  t r e e s  (Tomlinson,  
1973, 1978).
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Phase I I  -  Ma.y -  June  - V e g e t a t i v e  growth in  t h i s  phase  i s
c h a r a c t e r i z e d  by com ple t ion  of l e a f  expans ion  and l e a f  m a t u r a t i o n .
The major a c t i v i t y  d u r in g  t h i s  phase  i s  sexua l  r e p r o d u c t i o n  w i th  
l i t t l e  v e g e t a t i v e  growth o c c u r r i n g .
Phase I I I  -  J u l y  -  September - A second su rg e  of  v e g e t a t i v e  
growth may occu r  a f t e r  c e s s a t i o n  o f  f l o w e r i n g .  In t h i s  phase  leaves  
expand in  t h o s e  t e r m in a l  buds which d id  no t  deve lop  du r in g  Phase I .  
Mature  seeds  a r e  r e l e a s e d  a t  t h i s  t im e .
Phase IV -  October -  F eb ru a ry  -  Dormancy
The O rg a n iz a t i o n  o f  t h e  Apex
The a p i c a l  mer is tem  i s  d e f in e d  as t h a t  p o r t i o n  o f  t h e  shoot  
above t h e  a d a x ia l  base  o f  t h e  y ounges t  l e a f  primordium o r  s t i p u l a r  
ba se .  The t e rm in a l  v e g e t a t i v e  shoo t  apex of  M_. grand i f  1 ora i s  an 
e l l i p i t i c a l l y - s h a p e d  s t r u c t u r e  ( F i g .  4) composed of  a t u n i c a  of 2-3 
l a y e r s  (T-j, T2 » T^) and an u n d e r ly in g  corpus  (Schmidt ,  1924).  The 
c e l l s  of  t h e  t u n i c a  d i v i d e  on ly  in  t h e  a n t i c l i n a l  p l a n e  w i th  
r e f e r e n c e  to  t h e  s u r f a c e  of t h e  apex .  The t u n i c a  shows 2 l a y e r s  in  
some a p i c e s  ( F i g .  4 ,  5) and 3 l a y e r s  in  some o th e r  ( F i g .  6 ) .  Th is  
p a t t e r n  i s  i n t e r r u p t e d  d u r in g  l e a f  i n i t i a t i o n  by p e r i c l i n a l  d i v i s i o n  
in  t h e  T2 l a y e r .  The apex e x h i b i t s  b i l a t e r a l  symmetry due to  th e  
s lo p in g  o r i e n t a t i o n  o f  t h e  s u r f a c e .  During each p l a s t o c h r o n ,  t h e  
s u r f a c e  s h i f t s  d i r e c t i o n ,  s lo p in g  away from t h e  base  o f  t h e  most 
r e c e n t l y  i n i t i a t e d  l e a f .  Th is  r e s u l t s  in a convex s u r f a c e  
c o n f i g u r a t i o n  in  a f r o n t a l  view ( F i g .  4 ,  5) and a s l o p e d ,  f l a t  
a p i c a l  mer is tem s u r f a c e  in  a s a g i t t a l  view (F ig .  6 ) .
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The h e ig h t  of  t h e  v e g e t a t i v e  apex measured above th e  ad ax ia l  
b ase  of t h e  y o u n g es t  l e a f  primordium o r  i t s  i n i t i a t o r y  d i v i s i o n  
r anges  from 4-6  ym a t  minimal s t a g e ,  t o  90-100 ym a t  maximal s t a g e .  
Measurements o f  minimal and maximal v a l u e s  i s  based upon measurements  
from s e c t i o n s  c u t  m ed ian ly  f o r  t h e  f i r s t  l e a f  v a r i e s  from 180 ym a t  
t h e  minimal s t a g e  t o  210 ym a t  t h e  maximal s t a g e .  As with  M iche l ia  
(Tucker ,  1962) measurement o f  c r o s s  s e c t i o n s  i s  no t  f e a s i b l e  because  
t h e  apex s u r f a c e  i s  s l o p in g  and s e c t i o n s  c u t  in  t h i s  p lane  do not 
i n c lu d e  e n t i r e  summit.
Over th e  t u n i c a - c o r p u s  p a t t e r n  of  M_. g r a n d i f l o r a  can be 
super imposed a zona te  c o n f i g u r a t i o n  based upon c e l l  s i z e ,  c e l l  sh ap e ,  
m e r i s t e m a t i c  a c t i v i t y ,  and c y t o l o g i c a l  appea rance  ( G i f f o r d ,  1950).  
Inc luded i s  t h e  t u n i c a ,  a c e n t r a l  i n i t i a l  zone and a p e r i p h e r a l  
mer is tem ( F i g .  7 ) .  Extending below t h e  c e n t r a l  i n i t i a l  zone i s  t h e  
r i b  mer is tem ( F i g .  7 ) .  S ince  l e a v e s  a r e  i n i t i a t e d  high on t h e  
f l a n k s  of t h e  meris tem some o f  th e  zones  d e s c r ib e d  l i e  below th e  
l e v e l  of  t h e  younges t  l e a f .
The c e n t r a l  i n i t i a l  zone (Cl) l i e s  d i r e c t l y  ben ea th  t h e  
t u n i c a  and comprises  t h e  fo c a l  p o i n t  o f  t h e  c o r p u s .  C e l l s  o f  t h e  Cl 
a r e  l a r g e  and o f t e n  l i g h t e r  s t a i n i n g  th a n  c e l l s  of  su r ro u n d in g  zones  
( F ig .  6 ) .  G i f f o r d  (1950) t h i n k s  t h e  d i f f e r e n c e  i n  s t a i n i n g  i s  due 
t o  microchemica l  d i f f e r e n c e s  in t h e  c e l l s  o f  t h i s  zone .  Nuclei of  
c e l l s  in  t h e  Cl a r e  l a r g e  and c o n t a i n  prominen t  and d a r k l y  s t a i n i n g  
n u c l e o l i .  The cy top lasm  c o n t a i n s  numerous v a c u o l e s .  Few o s m io p h i l i c  
bod ies  a r e  p r e s e n t  in  t h i s  zone.
30
The p e r i p h e r a l  zone i s  composed of 4-5 l a y e r s  o f  t a b u l a r  
c e l l s  t h a t  r a d i a t e  l a t e r a l l y  from th e  c e n t r a l  zone .  C e l l s  o f  t h e  
p e r i p h e r a l  zone s t a i n  more i n t e n s e l y  th a n  t h o s e  o f  t h e  Cl ( F i g .  7 ) .  
The c e l l s  composing t h i s  zone d i v i d e  f r e q u e n t l y  in  t h e  a n t i c l i n a l  
and p e r i c l i n a l  p la n es  so t h a t  t h e s e  c e l l s  a r e  s m a l l e r  t h a n  t h o s e  
of t h e  C l .  Ce l l  f i l e s  a d j a c e n t  t o  t h e  in n e r  t u n i c a  a r e  o f t e n  
d i s r u p t e d  by numerous p e r i c l i n a l  d i v i s i o n s  which c o n t r i b u t e  to l e a f  
b u t t r e s s  or s t i p u l e  base  p r o d u c t io n .
D i s t a l  to  t h e  Cl i s  t h e  p i t h  r i b  mer is tem  ( F i g .  7 ) .  T h i s  
zone l i e s  below t h e  l i m i t s  of t h e  shoo t  apex as s t r i c t l y  d e f in e d  f o r  
t h e  purpose  of measurement.  Component c e l l s  proximal t o  th e  Cl a r e  
s h o r t  in  t h e  1o n g i tu d io n a l  p l a n e  s in c e  c e l l  d i v i s i o n  exceeds  c e l l  
en la rg em e n t .  P roceed ing  downward c e l l  volume i n c r e a s e s  due to  
v a c u o l a t i o n  and w i th in  4 -5  c e l l  d i a m e te r s  o f  t h e  Cl an accum ula t ion  
of o s m io p h i l i c  bod ies  becomes a p p a r e n t  ( F i g .  5) in  t h o s e  c e l l s  f i x e d  
w i th  osmium t e t r o x i d e .
During each p l a s t o c h r o n ,  t h e  apex undergoes  some change. The 
s i z e  of  t h e  e l l i p t i c a l  Cl zone ( F ig .  6) v a r i e s  from a p p ro x im a te ly  
100-110 ym in  d ia m e te r  d u r ing  e a r l y  s t a g e s  when t h e  apex i s  180-200 
ym in  d ia m e te r  to  ap p ro x im a te ly  50-70 ym in d ia m e te r  l a t e r  in  t h e  
p l a s t o c h r o n  when t h e  apex i s  120-170 ym in d i a m e t e r .  Changes in t h e  
s i z e  of  t h e  p e r i p h e r a l  zone a re  t h e  r e s u l t  o f  t h e  fo r m a t io n  o f  a 
m ass ive  l e a f  b u t t r e s s  t h a t  c o n t r i b u t e s  t o  t h e  t i l t i n g  of  t h e  apex 
(F ig .  6 ) .  No changes  in  s t a i n a b i l i t y  of  z o n a t io n  of  t h e  apex e i t h e r  
du r ing  a p l a s t o c h r o n  o r  d u r in g  t h e  v a r i o u s  growth phases  were 
observed in  M_. q r a n d i f l o r a . P e r i o d i c  changes  in t h e  a p i e c e s  o f
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Drim.ys w i n t e r i  v a r .  c h i l e n s i s  and Drimys l a n c e o l a t a  were shown to  be 
a s s o c i a t e d  w i th  a c t i v e  appendage fo r m a t io n  ( G i f f o r d ,  1950) and 
s i m i l a r  changes  were r e p o r t e d  f o r  Cosmos b i p i n n a t u s  (Molder and 
Owens, 1972).
Leaf I n i t i a t i o n
Leaves a r e  i n i t i a t e d  t h r o u g h o u t  t h e  growing s e a s o n .  A l e a f  
i s  i n i t i a t e d  high on t h e  f l a n k  of t h e  a p i c a l  m er is tem  by p e r i c l i n a l  
d i v i s i o n s  in  t h e  l a y e r  (F ig .  8 ) .  These d i v i s i o n s  occur when t h e  
p rev ious  l e a f  primordium i s  250-350 pm in  h e i g h t .  Leaf l e n g th  i s  
measured in a median s e c t i o n  ( f o r  t h e  l e a f )  from t h e  apex o f  t h e  l e a f  
t o  t h e  b a se  of  t h e  a b a x i a l  s i d e .  Due to  t h e  s p i r a l  p h y l l o t a x i s  
e x h i b i t e d  by t h e  ap ex ,  i n i t i a t i n g  d i v i s i o n s  a r e  p r e s e n t  in  T ^  i n  a 
n e a r - s a g i t t a l  p l a n e .  Hence,  p e r i c l i n a l  d i v i s i o n s  a s s o c i a t e d  with 
t h e  p re v io u s  l e a f  base  and th e  p e r i c l i n a l  d i v i s i o n s  a s s o c i a t e d  w i th  
l e a f  i n i t i a t i o n  a r e  o f t e n  p r e s e n t  in  t h e  same view ( F i g .  9 ) .
Fo llowing i n c e p t i o n ,  t h e  l e a f  primordium e n l a r g e s  f o r  a s h o r t  
t im e by g e n e r a l  c e l l  d i v i s i o n  and c e l l  en la rgem ent  ( F i g .  10 ) .
Inc reased  p e r i c l i n a l  and a n t i c l i n a l  d i v i s i o n s  below t h e  d i s t a l  a p i c a l  
r e g io n  form a bu lge  on t h e  f l a n k  of t h e  a p e x - - t h e  l e a f  b u t t r e s s  
( F i g .  11 ) .  By t h e  t im e  t h e  l e a f  primordium a t t a i n s  30-40 pm in  h e ig h t  
i t  a p p ea rs  a s  an e r e c t  p e g - l i k e  p ro tu b e ra n c e  ( F i g .  12) .  Such a p i c a l  
growth of  t h e  primordium i s  f o s t e r e d  by a s i n g l e  s u b a p ic a l  i n i t i a l  
(F ig .  13) or a small  g roup  o f  s u b a p ic a l  i n i t i a l s  v i s i b l e  in  t h e  
median p lane  ( F i g .  1 2 ) .  Apical  growth c o n t i n u e s  th rough  t h e  t im e  t h e  
l e a f  i s  1 mm in  h e i g h t .
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E n c i rc lem en t  o f  t h e  Apex
In M. g r a n d i f l o r a  m arg ina l  growth  beg ins  as soon a s  t h e  l e a f  
forms a p r o tu b e r a n c e  ( F i g .  14 ) .  As t h e  primordium i n c r e a s e s  in  s i z e  
t h e r e  i s  t h e  g radua l  e x t e n s i o n  of t h e  l e a f  b a se  around th e  apex 
(F ig .  15 ,  16) th rough  p e r i c l i n a l  d i v i s i o n s  in  t h e  T^ on both s i d e s  
o f  t h e  f l a n k  (F ig .  1 7 ) .  In a s a g i t t a l  p l a n e ,  t h e  advancing wings 
and t h e  median s t i p u l a r  i n i t i a l  (MSI in  F ig .  9) a r e  connec ted  and can 
be i d e n t i f i e d  from t h e  t im e  of  l e a f  i n i t i a t i o n  by t h e  s tudy  of 
a d j a c e n t  s e c t i o n s .  L a te r  in th e  p l a s t o c h r o n  a new l e a f  would be 
i n i t i a t e d  in a d i f f e r e n t  p la n e  and would be found h igh  on t h e  f l a n k  
of t h e  meris tem and w i t h i n  t h e  o l d e r  l e a f  base  ( F i g .  8 ,  9 ) .  Leaf 
growth o f  M_. grand i f !  ora i s  s i m i l a r  t o  t h a t  r e p o r t e d  f o r  Michel i a  f i g o  
(T ucker ,  1962) where t h e  l e a f  base  e x te n d s  e n t i r e l y  around t h e  shoo t  
apex when t h e  primordium i s  a b o u t  200 ym high .
The s t i p u l e s  e n l a r g e  r a p i d l y  by m arg ina l  growth ( F ig .  18) and 
meet by t h e  t ime t h e  l e a f  i s  a p p ro x im a te ly  300 ym in  h e i g h t .  The 
two m arg ins  become c o n t in u o u s  around t h e  a p i c a l  meris tem and com ple te ly  
e n c lo s in g  i t  ( F ig .  16, 19) .  Two l i n e s  o f  s t i p u l a r  f u s i o n  can  be 
observed  in  c r o s s  s e c t i o n  (F ig .  1 9 ) .
The ty p e  of sh ea th  fo r m a t io n  d e m o n s t ra t ed  in  M. g r a n d i f l o r a  
i s  no t  unusual  as i t  has a l s o  been d e s c r i b e d  f o r  two o t h e r  
m agno l iaceous  g e n e ra :  L i r io d e n d ro n  ( M i l l i n g t o n  and G u n ck e l , 1950)
and M ic h e l i a  (T u ck e r ,  1962) .  M i l l i n g t o n  and Gunckel (1950) viewed 
t h e  fo r m a t io n  o f  t h e  s t i p u l a r  b u t t r e s s  a s  t h e  i n i t i a l  s t e p  in l e a f  
on togeny  w i th  t h e  l e a f  primordium d e v e lo p in g  s e c o n d a r i l y ,  whereas
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Tucker (1962) d e s c r i b e s  t h e  b u t t r e s s  as  be ing a p a r t  o f  t h e  d eve lop ing  
l e a f  and no t  t h e  c o n v e r s e - - a  c o n c lu s io n  in  ag reement  w i th  t h i s  work.
S e p a r a t io n  of t h e  S t i p u l a r  Sheath  from t h e  Blade
P r i o r  t o  th e  comple te  e n c i r c l e m e n t  o f  t h e  s h o o t  apex by t h e  
l e a f  f l a n g e s  in  M. grand  i f 1 o r a , i n t e n s i f i e d  a n t i c l i n a l  d i v i s i o n s  
occur  in  t h e  s u r f a c e  and s u b - s u r f a c e  l a y e r s  o f  t h e  s h e a t h .  These  
d i v i s i o n s ,  a long w i th  t h e  su b seq u en t  c e l l  e n la r g e m e n t ,  r e s u l t  i n  t h e  
upward growth of t h e  s t i p u l e s  and hence t h e i r  d e l i m i t a t i o n  from t h e  
r e s t  of t h e  l e a f  primordium ( F ig .  20 ,  2 1 ) .  Fol lowing  t h e i r  d e l i m i t a t i o n  
from t h e  s t i p u l a r  b u t t r e s s ,  t h e  l e a f  b l a d e  primordium i s  c o n i c a l .
There  i s  l i t t l e  or no cu rv in g  of t h e  l e a f  primordium toward  t h e  
apex ( F i g .  22,  23 ) .  Continued  m arg ina l  growth o f  t h e  s t i p u l e s  in 
c o n j u n c t i o n  w i th  f u r t h e r  s u r f a c e  growth y i e l d s  a l i n e  of  s t i p u l e  
a p p r e s s i o n  ex tend ing  over  t h e  summit ( F i g .  24) to  form a hood both 
a b a x i a l l y  and a d a x i a l l y  ( F i g .  2 4 ) .
The s t i p u l a r  t i s s u e  m a tu re s  e a r l i e r  th a n  t h a t  o f  t h e  l e a f  
b lade  as ev idenced  by i d i o b l a s t  ( o i l  c e l l )  f o r m a t i o n  ( F i g .  1 6 ,  19) 
whereas  t h e  b la d e  d i f f e r e n t i a t i o n  c o n t i n u e s  f o r  s e v e r a l  p l a s t o c h r o n s  
w i t h i n  t h e  bud. The young b l a d e s  a r e  c o n d u p l i c a t e l y  f o l d e d  a long one 
s id e  o f  t h e  s t i p u l e  ( F i g .  2 4 ) .  The s t i p u l e s  f u n c t i o n  a s  a p r o t e c t i o n  
over t h e  a p i c a l  mer is tem and s e c o n d a r i l y  f o r  t h e  enc lo sed  l e a f .  The 
s t i p u l e s  a b s c i s e  long b e f o r e  t h e  l e a f  b la d e  t o  which t h e y  a r e  
a t t a c h e d .  In t h i s  p r o c e s s ,  t h e  s h e a th  s p l i t s  a long  t h e  l i n e  of  f u s i o n  
or a t  t h e  b a se  or  b o th .
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P r o c a m b i a l i z a t i o n
The v a s c u l a r  su p p ly  of each l e a f  primordium c o n s i s t s  o f  7-12 
procambia l  s t r a n d s .  The f i r s t  procambium d i f f e r e n t i a t e s  a c r o p e t a l l y  
i n  c o n t i n u i t y  w i th  p r e - e x i s t i n g  s t r a n d s  below ( F i g .  2 5 ) .  At t h e  
t im e  of l e a f  i n i t i a t i o n  a procambium s t r a n d  i s  observed  ex ten d in g  
near  t h e  base  of t h e  l e a f  s i t e ,  b u t  i t  does  n o t  d i f f e r e n t i a t e  w i th in  
t h e  l e a f  u n i t !  th e  l e a f  b u t t r e s s  i s  com ple te  and t h e  primordium i s  
100-150 ym in h e i g h t  ( F i g .  6 ) .  T h i s  procambia l  s t r a n d  i s  t h e  
p r e c u r s e r  o f  t h e  l a r g e r  median v a s c u l a r  bundle  of  t h e  l e a f .  I t  i s  
pronounced by t h e  t im e  t h e  l e a f  has reached  500 ym ( F i g .  26 ) .
Marginal Growth of  t h e  Leaf Blade
When t h e  l e a f  primordium in M. g r a n d i f l o r a  r e a c h e s  
a p p ro x im a te ly  200 ym in  h e i g h t  ( a s  measured from t h e  t i p  o f  t h e  l e a f  
in median 1o n g i tu d io n a l  s e c t i o n  t o  i t s  a t t a ch m e n t  on t h e  f l a n k  a t  
t h e  l e v e l  of  t h e  a p i c a l  m e r i s t e m ) ,  c e l l s  in  t h e  margin  beg in  to  
d i v i d e  (F ig .  27) .  Th is  m arg ina l  mer is tem  a s  d e f in e d  by Maks^mowych 
and Wochok (1969) i s  composed of  t h o s e  c e l l s  w i t h i n  ab o u t  f o u r  
d i a m e te r s  o f  t h e  margin  producing  t h e  m e r i s t e m a t i c  c e l l  l a y e r s  o f  t h e  
lam ina .  C e l l s  a t  t h e  b lade  marg in  d i v i d e  a n t i c ! i n a l l y  f o r  t h e  
m a in tenance  of  t h e  pro toderm w h i le  c e l l s  enc lo sed  by t h i s  l a y e r  
d i v i d e  in  both  t h e  a n t i c l i n a l  and p e r i c l i n a l  d i r e c t i o n s ,  f o s t e r i n g  an 
i n c r e a s e  in  lamina!  l e n g th  and w id th .  Through such d i v i s i o n s  t h e  
c o n d u p l i c a t e l y  f o ld e d  w i n g - l i k e  e x t e n s i o n s  a r e  produced ( F i g .  22,  2 3 ) .
In a l e a f  1 .9  mm long ( F i g .  28) ro u g h ly  s ix  c e l l  l a y e r s  a r e  
e s t a b l i s h e d  in  t h e  b lade  (F ig .  29) by m arg in a l  m e r i s t e m a t i c  a c t i v i t y
35
( F i g .  3 0 ) .  In t h e  ground t i s s u e  (p r e - m e s o p h y l l ) ,  c e l l s  a r e  
m e r i s t e m a t i c  and e x h i b i t  minimal d i f f e r e n t i a t i o n  and minimal 
v a c u o l a t i o n .  The m e r i s t e m a t i c  c e l l s  s t a i n  v e r y  d e n s e l y  w i th  
m e th y len e  b lu e  and a r e  compact w i th o u t  a p p r e c i a b l e  i n t e r c e l l u l a r  
s p ace .  Osm iophi l ic  b o d ie s  a r e  d i s t r i b u t e d  th ro u g h o u t  t h e  c e l l s  o f  
t h e  lamina with  no a p p a r e n t  p a t t e r n  ( F i g .  29) .  The dense  c y to p la sm ic  
c o n t e n t s  of  t h e s e  c e l l s  makes them ex t rem ely  d i f f i c u l t  t o  f i x  and 
i n f i l t r a t e  even u s ing  modern TEM t e c h n i q u e s .
C y t o l o g i c a l l y , t h e  c e l l s  of t h e  l e a f  protoderm ( F i g .  31) and 
ground mer is tem  ( F ig .  32) appea r  u n s p e c i a l i z e d  and h ig h ly  
m e r i s t e m a t i c .  There  g e n e r a l l y  i s  a l a r g e  c e n t r a l  n u c leu s  surrounded 
by numerous smal l  v a c u o l e s .  P r o p l a s t i d s  ( e t i o p l a s t s )  a r e  p r e s e n t  in  
both pro todermal and ground meris tem c e l l s  (F ig . .  3 1 ,  3 2 ) .  These  
p r o p l a s t i d s  o c c a s i o n a l l y  s t a i n  d a r k l y  with 'osmium t e t r o x i d e  ( F i g .  3 2 ) .  
At t h i s  developm enta l  s t a g e ,  l i t t l e  g ra n a l  development i s  a p p a r e n t ,  
bu t  s t a r c h ,  p l a s t o g l o b u l i  and p r o t e i n  i n c l u s i o n s  a r e  commonly p r e s e n t  
in  both t h e  p ro todermal  and ground meris tem c e l l s .
Development o f  V a sc u la r  T i s s u e
The m a tu re  v e n a t i o n  of M_. g r a n d i f l o r a  ( F i g .  33) can be 
d e f in e d  a s  being brochidodromous or  a m od if ied  brochidodrcmous 
( te rm in o lo g y  of Hickey,  1973 and D i l c h e r ,  1974).  T h i s  v e n a t i o n  
p a t t e r n  i s  developed  th rough  t h e  p r o g r e s s i v e  i n i t i a t i o n  o f  procambium 
du r ing  b la d e  developm ent .  From t h e  7-12  procambial  s t r a n d s  p r e s e n t  
in  t h e  midvein  o f  t h e  dev e lo p in g  b lade  ( F ig .  2 8 ) ,  procambia l  
p r e c u r s e r s  o f  t h e  l a t e r a l  v e i n s  a r e  i n i t i a t e d  and deve lop  p r o g r e s s i v e l y  
toward t h e  margin  ( F i g .  3 4 ) .  Each h a l f  of t h e  lamina d e v e lo p s  6-8
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l a t e r a l  p rocambia l  s t r a n d s  t h a t  ex tend  t o  w i t h i n  50 pm o f  t h e  b lade  
margin  ( F i g .  3 5 ) .  In l a t e r  o n to g e n e t i c  s t a g e s  t h e  m arg in  i s  
composed o f  a band of  sclerenchyma to  which t h e  f i n e  v e n a t i o n  comes 
in  c l o s e  p ro x im i ty .
The l a t e r a l  procambia l  s t r a n d s  (com pr is ing  t h e  secondary  
b ra n c h es )  a r e  j o i n e d  by loops o f  procambium p r i o r  to  t h e  i n i t i a t i o n  
o f  o t h e r  i n t e r s e c o n d a r y  v e in  procambia l  s t r a n d s .  The framework o f  
secondary  and t e r t i a r y  v e i n s  i s  p r o g r e s s i v e l y  subd iv ided  by t h e  
i n i t i a t i o n  of q u a t e r n a r y  v e in  procambium r e s u l t s  in  t h e  fo r m a t io n  o f  
polygonal  a r e o l a e  which a r e  f u r t h e r  subd iv ided  u n t i l  the  u l t i m a t e  
a r e o l a e  a r e  d e l i m i t e d  ( F i g .  3 6 ) .  The procambial  r e t i c u l u m  forming 
t h e  v e n a t i o n  p a t t e r n  of  t h e  lamina i s  e n t i r e l y  l a i d  down p r i o r  t o  
v a s c u l a r  d i f f e r e n t i a t i o n .
V a sc u la r  d i f f e r e n t i a t i o n  w i th in  t h e  procambium r e t i c u l u m  
fo l l o w s  t h e  end o f  procambia l  i n i t i a t i o n  in  any one a r e a .  The f i r s t  
xylem o f  t h e  midvein  d i f f e r e n t i a t e s  a c r o p e t a l l y  (F ig .  3 7 ) .  Following 
d i f f e r e n t i a t i o n  in  t h e  m id v e in ,  xylem d i f f e r e n t i a t e s  in t h e  f i r s t -  
formed secondary  v e i n s  ( F i g .  3 8 ) .  D i f f e r e n t i a t i o n  p roceeds  from t h e  
m idve in  toward th e  m arg in  ( F i g .  3 7 ,  38) o f t e n  i n  a d i s c o n t i n u o u s  
manner.
In t h e  l a t e r a l  o r  secondary  v e i n s ,  xylem d i f f e r e n t i a t e s  
toward t h e  marg in  o f  t h e  lamina ( F ig .  3 9 ) .  The p r o g r e s s i o n  o f  
a d j a c e n t  secondary  v e in s  i s  o f t e n  a p p ro x im a te ly  equal ( F i g .  39) so 
t h a t  when th e y  r e a c h  t h e  secondary  v e in  loop  xylem d i f f e r e n t i a t e s  
c o n t i n u o u s l y ,  j o i n i n g  t h e  two v e in s  ( F ig .  4 0 ) .  T h i s  p ro c e s s  o c c u r s  
in an a c r o p e t a l  d i r e c t i o n  ( F i g .  4 1 ) .  Upon com ple t ion  of  t h e
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secondary  v e in  l o o p s ,  d i f f e r e n t i a t i o n  o f  t e r t i a r y  v e n a t i o n  proceeds  
toward t h e  m arg in  ( F i g .  42) o f t e n  forming a s e r i e s  of t e r t i a r y  v e in  
loops  between t h e  secondary  loop  and t h e  d i f f e r e n t i a t i n g  m arg ina l  
sc le renychym a.
I n t e r - s e c o n d a r y  v e in s  ( u l t i m a t e l y )  i d e n t i f i e d  a s  t e r t i a r y  
v e i n s )  d i f f e r e n t i a t e  fo l l o w in g  th e  c o m p le t io n  o f  the  secondary  v e in  
c o n n ec t in g  lo o p s  ( F i g .  4 3 ) .  Other t e r t i a r y  v e i n s  t h a t  a r e  b ranches  
of t h e  s econda ry  v e i n s  d i f f e r e n t i a t e  and s u b d iv id e  th e  lamina ( F i g .  
4 2 ,  43 ) .  Th is  p r o c e s s  o c cu r s  in an a c r o p e t a l  d i r e c t i o n .
V a sc u la r  d i f f e r e n t i a t i o n  d e l i m i t i n g  th e  f i n e  v e n a t i o n  of  t h e  
l e a f  c o n t i n u e s  w i th  t h e  p r o g r e s s i v e  d i f f e r e n t i a t i o n  of  c r o s s  v e in s  
between s econda ry  and t e r t i a r y  s t r a n d s  ( F i g .  4 4 ) ,  t h e  f u r t h e r  
s u b d i v i s i o n  o f  t h e s e  a r e a s  and th e  fo r m a t io n  o f  f r e e l y  t e r m i n a t i n g  
v e in  end ings  ex ten d in g  i n t o  th e  a r e o l e  (F ig .  4 5 ) .
The pro toxylem e lem en ts  d i f f e r e n t i a t e  as th e  l e a f  i n c r e a s e s  
in  s i z e .  D i f f e r e n t i a t i o n  o f  a d d i t i o n a l  v a s c u l a r  t i s s u e  c o n t in u e s  
th ro u g h o u t  l e a f  expans ion  and t h e  v e i n s  and the  a s s o c i a t e d  ve in  
shea th  i n c r e a s e s  in  t h i c k n e s s  ( F i g .  4 6 ) .  L i g n i f i c a t i o n  o f  t h e  v e i n s ,  
v e in  s h e a th e s  and f i b e r s  f o l l o w s  a p a t t e r n  beg inn ing  w i th  t h e  f i r s t  
i n i t i a t i n g  v e i n s  ( F i g .  45) and p r o g r e s s i n g  t o  f i n e r  and f i n e r  v e in s  
( F i g .  4 6 ) .  When t h e  l e a f  has r eached  m a t u r i t y  t h e  v e i n s  a r e  h i g h l y  
l i g n i f i e d  and th e  sc le renchyma marg in  s t a i n s  v e ry  d e n s e ly  w i th  
s a f r a n i n  ( F i g .  4 7 ) .
The phloem d i f f e r e n t i a t e s  a c r o p e t a l l y  and c o n t i n u o u s l y  from 
t h e  base  upward in  both t h e  a x i s  and th e  l e a f .  Within t h e  l e a f  t h e  
phloem e x ten d s  i n to  t h e  m id r ib  b u n d le ,  t h e n  l a t e r  d i f f e r e n t i a t e s
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i n t o  t h e  l a t e r a l  bundles  o f  t h e  lamina .  Phloem d i f f e r e n t i a t i o n  
was n o t  fo l lo w ed  in  t h i s  work.
Leaf M a tu r a t io n
In  t h e  bud,  t h e  young b la d e  remains  c o n d u p l i c a t e l y  f o l d e d  
a d j a c e n t  to  t h e  s t i p u l e s .  U n l ike  t h e  b la d e  of  L i r io d e n d r o n ,  b lade  
i n v e r s i o n  in  t h e  bud does  no t  o c cu r .  B efo re  th e  lamina d ev e lo p s  to  
any g r e a t  e x t e n t ,  t h e  m id r ib  r e g i o n  becomes q u i t e  l a r g e  ( F i g .  2 8 ) .
No lamina d ev e lo p s  immedia te ly  a d j a c e n t  t o  t h e  a rea  of s t i p u l a r  
a t t a c h m e n t  t h a t  w i l l  form t h e  p e t i o l e  ( F i g .  20 ,  2 6 ) .  The m id r ib  and 
th e  p e t i o l e  t h i c k e n  th ro u g h  t h e  a c t i o n  o f  an a b a x i a l  m e r i s te m .  Those 
c e l l s  o f  t h e  p e t i o l e  below t h e  s u r f a c e  and t h o s e  c e l l s  on t h e  
a b a x ia l  s i d e  o f  t h e  m idve in  a r e  smal l  and m e r i s t e m a t i c  having d e n s e ly  
s t a i n e d  n u c l e i  and minimal v a c u o l a t i o n  ( F i g .  2 8 ) .  These c e l l s  undergo 
r e p e a t e d  p e r i c l i n a l  d i v i s i o n s  a s  t h e  l e a f  e n l a r g e s  th u s  i n c r e a s i n g  
t h e  d i a m e te r  of t h e  p e t i o l e - m i d r i b .
At m a t u r i t y  t h e  b lade  of  M_. grand  i f !  ora i s  composed of  10-15 
c e l l  l a y e r s  in  t h e  i n t e r c o s t a l  a r e a s .  The i n c r e a s e  in  c e l l  l a y e r s  i s  
a r e s u l t  o f  a l a t e  p r o l i f e r a t i o n  in v o lv in g  p e r i c l i n a l  d i v i s i o n s  w i t h i n  
t h e  ground m er is tem  o f  t h e  l e a f  a f t e r  i t  i s  10-13 mm lo n g .
Dermal T i s su e
In a b la d e  10-13 mm in  l e n g t h ,  t h e  c e l l s  of  both t h e  upper 
and lower s u r f a c e  a r e  d e n s e l y  s t a i n e d  ( F i g .  4 8 ) .  C e l l  sh ap e ,  
t h i c k n e s s  of p r imary  w al l  and o c c a s io n a l  p re sen ce  o f  d i v i s i o n  f i g u r e s  
i n d i c a t e  t h a t  c e l l  d i v i s i o n  i s  s t i l l  o c c u r r i n g .  C e l l s  of  t h e  
a d a x ia l  pro toderm a r e  somewhat l a r g e r  in  s i z e  than  t h o s e  o f  t h e
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a b a x ia l  pro toderm ( F i g .  4 9 ) .  W i th in  ab o u t  s ix  c e l l  d i a m e t e r s  o f  
t h e  margin  t h e  a d a x ia l  p ro toderm al  c e l l s  become v a c u o l a t e  ( F i g .  4 8 ) .  
C e l l s  o f  t h e  a d a x i a l  p ro toderm a r e  h ig h ly  m e r i s t e m a t i c .  The n u c l e i  
a r e  prominent  and th e  cy top lasm  i s  d e n se .  No guard  c e l l s  a r e  
p r e s e n t .  S c a t t e r e d  b a s a l  c e l l s  o f  t r i chom es  occur  in  t h i s  l a y e r .
At t h i s  s t a g e  t h e  lamina  i s  60-70 ym in  t h i c k n e s s .
When t h e  l e a f  r e a c h e s  38-40  mm in l e n g t h  a compact mat of  
e l o n g a t e  h a i r s  i s  p r e s e n t  on t h e  a b a x i a l  s u r f a c e  ( F i g .  5 0 ) .  The 
c e l l s  o f  t h e  a d a x i a l  pro toderm have e n la rg ed  s l i g h t l y  in  comparison 
t o  th e  p re v io u s  s t a g e  ( F i g .  5 1 ) .  More h a i r s  a r e  p r e s e n t  t h a n  e a r l i e r .  
At t h i s  s t a g e  t h e  lamina  i s  90-100 ym in  t h i c k n e s s .
V a c u o la t io n  becomes more prominent e s p e c i a l l y  in  t h e  upper 
ep id e rm is  ( F i g .  52) by t h e  t im e  t h e  b lade  i s  60-70 mm in  l e n g t h  and 
a p p ro x im a te ly  200 ym in t h i c k n e s s .  Many of  t h e  c e l l s  of  t h e  upper 
ep id e rm is  a r e  more t h a n  two t im e s  lo n g e r  th a n  t h e y  a r e  w ide .  The 
c e l l s  o f  t h e  a b a x ia l  e p id e r m is  have l o s t  t h e i r  m e r i s t e m a t i c  
appearance  and have become more v a c u o l a t e .  Guard c e l l s  in  v a r i o u s  
s t a g e s  o f  development a r e  p r e s e n t  on t h e  a b a x ia l  s i d e  ( F i g .  53) .
C e l l s  o f  both  ep idermal  l a y e r s  a r e  h ig h ly  v a c u o l a t e  a f t e r  
th e  l e a f  a t t a i n s  a p p ro x im a te ly  130 mm in  l e n g t h .  At t h i s  s t a g e ,  
t h e  l e a f  b lade  i s  200 ym in t h i c k n e s s  ( F i g .  5 4 ) .  The e p id e r m is  i s  
covered  by a c u t i c l e  3 -5  ym in  t h i c k n e s s .  Epidermal h a i r s  have 
become s c l e r i f i e d  and m a tu re  guard  c e l l s  a r e  p r e s e n t  ( F i g .  5 4 ) .
M a tu r a t i o n  of t h e  dermal l a y e r s  i s  com ple te  by t h e  t ime  t h e  
l e a f  has r eached  200 mm in l e n g t h .  At t h i s  s t a g e ,  t h e  l e a f  i s  230- 
250 ym in  t h i c k n e s s  and th e  c e l l s  o f  t h e  b la d e  have expanded and
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abundant  i n t e r c e l l u l a r  spaces  a r e  p r e s e n t  ( F i g .  5 5 ) .  All c e l l s  have 
a l a r g e  c e n t r a l  v acu o le  ( F ig .  5 5 ) .  The upper and lower  epidermal 
c e l l s  a r e  covered  w i th  a heavy c u t i c l e  t h a t  s t a i n s  d a rk ly  w i th  
m ethy lene  b lu e  (F ig .  5 5 ) .  The c u t i c l e  on t h e  upper  e p id e rm is  i s  
5-7 ym t h i c k  w h i l e  t h a t  o f  t h e  low er  e p id e rm is  i s  2-5  ym t h i c k .
Mesophyl1
In a l e a f  10-13 mm in  l e n g th  th e  lamina  i s  composed o f  5-7  
l a y e r s  o f  p ro-mesophyl l  c e l l s .  These c e l l s  a r e  v a c u o l a t e  and have 
prominent  and d e n s e ly  s t a i n i n g  n u c l e i  ( F i g .  4 8 ) .  The p a t t e r n  o f  
th e  pro-mesophyll  i s  d i s r u p t e d  in  a r e a s  o f  procambial  i n i t i a t i o n  
( F i g .  4 9 ) .
A f t e r  t h e  l e a f  has reach ed  30-40 mm in  l e n g th  and t h e  lamina  
i s  90-100 ym t h i c k ,  t h e  pro -mesophyl l  i s  composed o f  8-12 c e l l  
l a y e r s  (F ig .  5 0 ) .  The c e l l s  a p p e a r  v a c u o l a t e  and have prominent  
n u c l e i .  The c e l l s  o f  t h e  p r o - p a l i s a d e  l a y e r  a r e  cubo ida l  in  shape  
( F i g .  5 1 ) .  The c e l l s  o f  t h e  lower  mesophyl! a r e  s m a l l e r  than  th o s e  
o f  t h e  upper mesophyl! i n d i c a t i n g  t h a t  c e l l  d i v i s i o n  in t h e  lower  
l a y e r  i s  keeping  pace w i th  lamina!  e x p an s io n .
At 60-70 nan in  l e n g t h ,  th e  lamina  i s  a p p ro x im a te ly  
200 ym t h i c k .  C e l l s  o f  t h e  hypodermis a r e  e n l a r g e d  and e lo n g a t e d  
p a r a l l e l  to  t h e  s u r f a c e  ( F i g .  5 2 ) .  I n t e r c e l l u l a r  spaces  a re  
consp icuous  in  th e  spongy mesophyl1 ( F i g .  53 ) .  At t h i s  s t a g e  no 
i n t e r c e l l u l a r  spaces  a r e  obse rved  in  t h e  p a l i s a d e  l a y e r .
I n t e r c e l l u l a r  space s  in  t h e  spongy mesophyl! i n c r e a s e  as 
t h e  l e a f  expands to  130 rrni in  l e n g th  and 200 ym in  b la d e  t h i c k n e s s .
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I n c r e a s e  in lam ina!  t h i c k n e s s  i s  f o s t e r e d  by p e r i c l i n a l  d i v i s i o n s  
in  t h e  pro-mesophyl l  and a n t i c l i n a l  e l o n g a t i o n  o f  t h e  mesophyl! 
c e l l s  ( F i g .  54) .  A ll  c e l l s  a r e  h ig h ly  v a c u o l a t e .
Mesophyl! m a t u r a t i o n  i s  comple te  by t h e  t im e  t h a t  t h e  l e a f  
has reached  220 mm in  l e n g t h .  The spongy mesophyl!  i s  composed of 
5-6 l a y e r s  o f  c e l l s  i n t e r s p e r s e d  w i th  e x t e n s i v e  i n t e r c e l l u l a r  s p a c e s .  
T he re  a r e  1-2 l a y e r s  o f  p a l i s a d e  mesophyl l  w i th  small i n t e r c e l l u l a r  
s p aces  ( F i g .  55) and an a d a x i a l  hypodermis t h a t  a p p e a r s  t o  be devoid  
of  c h i o r o p l a s t s . C e l l s  o f  t h e  spongy mesophyl l  a r e  c o n sp ic u o u s ly  
l a r g e  and l o b a t e  and a r e  c h a r a c t e r i z e d  by a l a r g e  c e n t r a l  vacuo le  
and p e r i p h e r a l  cy top lasm ( F i g .  55) .  The p a l i s a d e  c e l l s  a re  not 
lobed ;  t h e y  a r e  e l o n g a t e  in  t h e  a n t i c l i n a l  d i r e c t i o n  and a r e  
g e n e r a l l y  r e c t a n g u l a r  in  shape ( F i g .  5 5 ) .  Each has a s i n g l e  vacu o le  
and p e r i p h e r a l  cy to p la sm .
Marginal Sclerenchyma
The band of  sc le renchyma t h a t  su r rounds  t h e  l e a f  margin  
b eg ins  t o  d i f f e r e n t i a t e  from ground meris tem e a r l y  in  l e a f  on togeny .
In  a b la d e  10-18 mm in  l e n g th  t h e  bundle  of  sc le renchyma i s  p r e s e n t  
w i t h i n  2-4 c e l l  d i a m e te r s  of  t h e  b la d e  marg in  (F ig .  4 8 ) .  The c e l l s  
a r e  s m a l l e r  in  o v e r a l l  d i a m e te r  than  a d j a c e n t  pro-mesophyll  c e l l s  
and a r e  h ig h ly  v a c u o l a t e .  As development c o n t i n u e s ,  t h e  c e l l s  of 
t h i s  band d i v i d e  in  p e r i c l i n a l ,  a n t i c l i n a l ,  and o b l iq u e  p lan es  t h e r e b y  
i n c r e a s i n g  t h e  number o f  c e l l s  found in  c r o s s  s e c t i o n  in  t h i s  bundle  
( F i g .  5 0 ) .  In comparison w i th  c e l l s  o f  t h e  p ro -m eso p h y l l ,  t h e s e  
c e l l s  d i f f e r  s t r i k i n g l y  in  t h e i r  rounded or ovoid t r a n s e c t i o n a l  
s h ap e ,  v a c u o l a t i o n  and l a c k  of  o s m io p h i l i c  bod ies  ( F i g .  50 ) .
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D i f f e r e n t i a t i o n  c o n t i n u e s  and t h e  f i b e r s  e l o n g a t e  ( F i g .  46) becoming 
much lo n g e r  than  w ide .  Secondary  wall  t h i c k e n i n g  becomes a p p a r e n t  
in  t h e  c e l l  w a l l s .  These  c e l l s  go th rough  a co l len ch y m a-1 ik e  s t a g e  
where t h e  secondary  wal l  t h i c k e n i n g  d ev e lo p s  u n e q u a l l y ,  o c c u r r in g  
f i r s t  in  t h e  c o r n e r s  n ea r  c o n t a c t s  o f  2-3 o t h e r  c e l l s  ( F i g .  52 ) .  
Secondary wall  fo r m a t io n  and 1i g n i f i c a t i o n  c o n t i n u e s  producing f i b e r s  
w i th  ve ry  heavy c e l l  w a l l s  ( F i g .  5 5 ) .  A tough r e s i l i a n t  band r e s u l t s  
a long t h e  m arg ins  o f  t h e  l e a f  ( F i g .  4 7 ) .
Si 1 icon C e l l s
C e l l s  s e q u e s t e r i n g  s i l i c a  a r e  p r e s e n t  in  t h e  l e a v e s  o f  M_. 
g r a n d i f l o r a  ( F i g .  5 6 ) .  S i l i c a  c e l l s  form a p p a r e n t l y  randomly in t h e  
b la d e  d u r ing  l a t e r  s t a g e s  of on togeny .  S i l i c a  i s  found in t e r m in a l  
t r a c h e i d s ,  ve in  shea th  c e l l s ,  t r a c h e i d s  and o c c a s i o n a l l y  in  o t h e r  
c e l l  t y p e s .  No d i s t i n c t  p a t t e r n  has  been e s t a b l i s h e d  f o r  th e  
s i  1 i c i f i c a t i o n  p r o c e s s .  F a c t o r s  such as a v a i l a b i l i t y  o f  s i l i c o n ,  
t r a n s p i r a t i o n  r a t e ,  and c e l l u l a r  pH c o n t r i b u t e  to  th e  p re sen ce  or 
absence  of  d e p o s i t e d  s i l i c o n .  F u r t h e r  work on s i l i c o n - c o n t a i n i n g  
c e l l s  i s  found in  P a r t  I I I  o f  t h i s  work.
Oil C e l l s
Oil c e l l s  o ccu r  in t h e  mesophyl l  o f  t h e  l e a v e s  o f  M_. 
g r a n d i f l o r a  ( a t  arrow in  F i g .  55,  57) .  Oil  c e l l s  a re  d i f f e r e n t i a t e d  
b e f o r e  t h e  su r round ing  mesophyl l  d i f f e r e n t i a t e s  in  t h e  l e a f  b l a d e .
The o i l  c e l l  i n c r e a s e s  in  s i z e  and e v e n t u a l l y  o c cu p ie s  a p o s i t i o n
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in  t h e  mesophyll  of t h e  m a tu re  l e a f .  F u r th e r  work on t h e  ontogeny 
o f  o i l  c e l l s  in  t h e  l e a v e s  of  M. q r a n d i f l o r a  i s  found in  P a r t  IV o f  
t h i s  work.
Deciduous magnol iaceous  s p e c i e s
Mature l eaves  o f  s e v e r a l  deciduous  Magnolia  s p e c i e s  were 
observed  and compared w i th  t h e  e v e rg ree n  leaves  of M. g r a n d i f l o r a .
Magnolia m acrophy l la  Michx.
The m a tu re  b lade  of M. m acro p h y l la  i s  ab o u t  170 pm t h i c k  
and i s  t y p i c a l l y  composed of 8-10 c e l l  l a y e r s  ( F i g .  5 8 ) .  The 
a d a x ia l  ep iderm is  s t a i n s  d a r k l y  w i th  m ethy lene  b lu e ;  no c h l o r o p l a s t s  
a r e  a p p a r e n t  in a t y p i c a l  c e l l  and t h e  nuc leus  i s  a p p re s s ed  to  t h e  
a b a x ia l  w a l l .  Beneath  each epidermal  c e l l  a r e  2-3 hypodermal c e l l s ,  
which appea r  to  be devoid  of  c e l l u l a r  c o n t e n t s .  The p a l i s a d e  
mesophyl l  i s  2 c e l l s  in t h i c k n e s s .  Many of t h e s e  c e l l s  a re  f i l l e d  
with t a n n i n i f e r o u s  compounds t h a t  s t a i n  d e n se ly  w i th  m ethy lene  b lu e .  
Below t h e  p a l i s a d e  mesophyll  i s  t h e  spongy mesophyll  which i s  
composed of 5-6 rows of lobed c e l l s  i n t e r s p e r s e d  w i th  i n t e r c e l l u l a r  
s p a c e s .  The c e l l s  o f  t h e  lower ep id e rm is  a r e  d e n s e ly  s t a i n i n g  and 
a r e  s m a l l e r  than  t h o s e  o f  t h e  upper e p i d e r m i s .  The c u t i c l e  i s  
ap p ro x im a te ly  1 ym t h i c k .
Magnol ia  f r a s e r i  Walt .
The b la d e  of M. f r a s e r i  i s  a b o u t  170 ym t h i c k .  The lamina 
i s  composed of 8 -10  c e l l  l a y e r s  (F ig .  59 ) .  The upper  e p id e rm is  
s t a i n s  d a r k ly  with  m ethy lene  b lue  and no c h l o r o p l a s t s  a r e  a p p a r e n t .
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Epidermal c e l l s  a r e  e l o n g a t e  in  th e  paradermal p l a n e .  Beneath  each 
epidermal c e l l  a re  1-3 mesophyl l  c e l l s .  The c e l l s  of t h e  mesophyll  
a r e  s i m i l a r  in  a p p ea ran ce  to  spongy mesophyl l  e x ce p t  f o r  s m a l l e r  
i n t e r c e l l u l a r  s p aces  a d a x i a l l y .  I n t e r c e l l u l a r  spaces  from t h e  
lower e p id e rm is  to  t h e  upper  e p id e r m is .  The c u t i c l e  i s  a p p ro x im a te ly  
1 ym t h i c k .
Magnolia obovata  (M. hypo leuca)  S ieb  & Zucc.
The lam ina  o f  M_. obova ta  a v e r a g e s  180 ym in wid th  and i s  
composed of  8 -1 0  c e l l  l a y e r s  ( F ig .  6 0 ) .  The upper e p id e r m is  i s  
composed o f  oblong c e l l s  in  t r a n s e c t i o n .  The i n t e r c e l l u l a r  w a l l s  
s t a i n  d e n s e l y  w i th  m e thy lene  b lu e .  No c h l o r o p l a s t s  a re  a p p a r e n t  in 
t h e  epidermal c e l l s  and t h e  n u c leu s  l i e s  on t h e  a b a x i a l  c e l l  w a l l .  
There  i s  a l a r g e  c e n t r a l  v a c u o le .  Below t h e  e p id e rm is  a r e  6-8  l a y e r s  
o f  mesophyl l  c e l l s .  The c e l l s  of a l l  t h e  l a y e r s  re sem ble  spongy 
mesophyl l  bu t  a r e  more c l o s e l y  packed a d a x i a l l y .  The c e l l s  of t h e  
lower e p id e rm is  a r e  ap p ro x im a te ly  t h e  same s i z e  and shape as t h o s e  
of t h e  upper e p id e r m i s .  The c u t i c l e  i s  a p p ro x im a te ly  1 ym t h i c k .
Magnolia c o rd a ta  Michx.
The b lade  of M_. c o r d a t a  i s  abou t  150 ym t h i c k .  The lamina 
i s  composed o f  6-8  c e l l  l a y e r s  (F ig .  6 1 ) .  The upper  e p id e rm is  s t a i n s  
d a r k l y  w i th  m e thy lene  b lu e .  No c h l o r o p l a s t s  a r e  a p p a r e n t  in t h e  
ep idermal  c e l l s .  A s i n g l e  row of p a l i s a d e  mesophyl l  i s  p r e s e n t  
a d a x i a l l y .  The c e l l s  o f  t h i s  l a y e r  a r e  a n t i c l i n a l l y  e l o n g a t e  and 
c o n t a i n  numerous c h l o r o p l a s t s .  Beneath t h e  p a l i s a d e  mesophyl l  a r e  
3 -4  l a y e r s  o f  spongy m e s o p h y l l . C e l l s  of t h i s  l a y e r  a r e  s inuous  in
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o u t l i n e  and a r e  bounded by l a r g e  a i r  s p a c e s .  The c e l l s  o f  t h e  
lower e p id e rm is  a r e  q u i t e  l a r g e  bu t  a r e  n o t  a s  wide t a n g e n t i a l l y  
a s  t h o s e  o f  th e  upper  e p i d e r m i s .  A d e n s e l y  s t a i n i n g  c u t i c l e  
1-2  ym t h i c k  i s  p r e s e n t  in  t h e  a b a x i a l  e p id e r m is ;  no c h l o r o p l a s t s  
a r e  a p p a r e n t .
Magno!ia t r i p e t a l u m  L.
The lam ina  o f  M. t r i  petalum i s  ab o u t  148 ym t h i c k  and i s  
composed of 8 -10  c e l l  l a y e r s  ( F i g .  6 2 ) .  The d e s c r i p t i o n  of  t h e  c e l l  
l a y e r s  i s  s i m i l a r  to  t h a t  f o r  M. o b o v a t a . The c u t i c l e  i s  1 ym t h i c k .
Magnolia  sou lanqeana  Soulange-Bodin
The lamina of M. sou langeana  i s  ab o u t  2 00  ym t h i c k  and has 
1 0 - 1 2  c e l l  l a y e r s  ( F i g .  6 3 ) .  The upper  e p i d e r m i s ,  covered  by a t h i c k  
c u t i c l e  2 - 3  ym t h i c k ,  i s  composed of  a s i n g l e  l a y e r  of t a n g e n t i a l l y  
broad c e l l s .  No c h l o r o p l a s t s  a r e  a p p a r e n t  in t h e s e  c e l l s .  Beneath  
t h e  e p id e rm is  l i e s  1 - 2  l a y e r s  o f  p a l i s a d e  m e s o p h y l l . These c e l l s  
a r e  a t  l e a s t  3 t im es  l o n g e r  th a n  th e y  a r e  wide.  G e n e r a l l y  2 - 3  
p a l i s a d e  mesophyl l  c e l l s  l i e  below each ep idermal  c e l l .  Below t h e  
p a l i s a d e  mesophyl l  l i e  6-8  l a y e r s  of spongy m e so p h y l l .  These  c e l l s  
t e n d  to  be l a r g e  and l o b a t e .  I n t e r c e l l u l a r  spaces  a r e  l a r g e  in  t h e  
lower t h r e e  l a y e r s  o f  t h e  spongy m e s o p h y l l . The lower  e p id e r m is  i s  
composed of  a s i n g l e  l a y e r  o f  i r r e g u l a r l y  shaped c e l l s  o f  d i f f e r i n g  
s i z e  t h a t  ap p ea r  g e n e r a l l y  round or o v a te  in t h e  t r a n s v e r s e  p lane  
of s e c t i o n .
P late  1
F i g .  1 .  Magnolia  q r a n d i f l o r a  L. h a b i t  v iew .
F i g .  2 .  Terminal v e g e t a t i v e  stem o f  M. g r a n d i f l o r a . X I . 5
F i g .  3 .  S y l l e p t i c  b ranch ing  in  M. g r a n d i f l o r a . Note t h e  long 
hypopodium (H).  X0.25
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P l a t e  2
F ig .  4 .  V e g e t a t i v e  apex in  f r o n t a l  nea r -m ed ian  LS showing t h e  two-
l a y e r e d  t u n i c a  (T, , T«) and t h e  co rp u s  (C) ( SEM p r e p a r a t i o n s ) . 
X558 1 *
F i g .  5.  V e g e t a t i v e  apex (median f r o n t a l  LS) showing two t u n i c a
l a y e r s  (T-j, T2 ) and t h e  co rp u s  (C ) .  X550
F ig .  6 . V e g e t a t i v e  apex (median s a g i t t a l  LS) showing a t h r e e -
l a y e r e d  t u n i c a  (T^ , T^ ,  T3 ) .  X830
F i g .  7 .  V e g e t a t i v e  apex showing z o n a t e  c o n f i g u r a t i o n  f r o n t a l  median
LS; t u n i c a  ( T ) ,  c e n t r a l  i n i t i a l  zone ( C l ) ,  p e r i p h e r a l  zone
( P ) ,  r i b  m er is tem  (RM). X700
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F i g .  8 
F i g .  9
F i g .  1 
F i g .  1
F i g .  1 
F i g .  I:
P l a t e  3
P a r t  o f  a v e g e t a t i v e  a p i c a l  m e r is tem  showing p e r i c l i n a l  
d i v i s i o n s  in  T2 i n i t i a t i n g  a l e a f  (median l o n g i t u d i n a l  
s e c t i o n ) . X2533
P a r t  o f  a v e g e t a t i v e  a p i c a l  m e r i s tem  showing t h e  p e r i c l i n a l  
d i v i s i o n s  in  T2 i n i t i a t i n g  a l e a f  and t h e  p e r i c l i n a l  
d i v i s i o n s  of  t h e  advancing  wing o f  t h e  l e a f  base  (median 
l o n g i t u d i n a l  s e c t i o n ) .  X961
. V e g e t a t i v e  apex showing t h e  f o r m a t i o n  o f  a l e a f  b u t t r e s s ,  
SEM (n ea r -m ed ian  LS).  XI77
. Leaf b u t t r e s s .  T h i s  primordium may be s t a r t i n g  i n t o  t h e  
e a r l y  phase  o f  a p i c a l  growth  a s  ev idenced  by s u b - a p i c a l  
i n i t i a l  c e l l s  u nde rgo ing  p e r i c l i n a l  d i v i s i o n s  (median 
l o n g i t u d i n a l  s e c t i o n ) .  XI533
. Median l o n g i t u d i n a l  s e c t i o n  o f  a l e a f  primordium 60 ym 
in h e i g h t  undergo ing  a p i c a l  g ro w th .  XI016
. Median l o n g i t u d i n a l  s e c t i o n  o f  a l e a f  primordium 140 ym 
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F i g .  1
F i g .  1 
F i g .  1
F ig .  1
F i g .  1 
F i g .  1
PI a t e  4
. V e g e t a t i v e  apex t h a t  shows t h e  i n c e p t i o n  o f  m arg ina l  
growth ( a r ro w s )  a t  an e a r l y  s t a g e  of l e a f  f o r m a t i o n ,  SEM 
(nea r -m ed ian  L S ) . X236
. E x ten s io n  of  t h e  l e a f  base  around a p i c a l  m er is tem  (SEM).
XI99
. V e g e t a t i v e  apex showing t h e  advancing  wings o f  t h e  l e a f  
b a se  (LB) a round  t h e  apex xs a t  a p p r o x im a te ly  t h e  l e v e l  
of T2 . X340
. V e g e t a t i v e  apex showing a p a i r  of  p e r i c l i n a l  d i v i s i o n s  t h a t  
i n i t i a t e  t h e  advance  of  th e  m arg ins  o f  t h e  l e a f  base  
(median LS). X750
. M arginal  growth in  th e  s t i p u l e s  (XS).  X740
. Bud showing t h e  two l i n e s  of s t i p u l e  f u s i o n  ( c r o s s  s e c t i o n ) .  
X330
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P l a t e  5
F i g .  20-24 .  S t i p u l e  developm ent  (SEM p r e p a r a t i o n s ) .
F i g .  20. E a r l y  developm ent  o f  t h e  l e a f  primordium ( s a g i t t a l  v iew ) .  
X100
F ig .  21. D e l i m i t a t i o n  o f  t h e  s t i p u l e s  from t h e  l e a f  b l a d e  primordium 
( n e a r - f r o n t a l ) .  XI00
F i g .  22.  D e l i m i t a t i o n  o f  t h e  s t i p u l e s  from t h e  l e a f  b l a d e  primord ium.
The l e a f  primordium i s  no t  e r e c t ,  r a t h e r  than  curved  toward 
t h e  apex ( n e a r - s a g i t t a l ) .  X100
F i g .  23*. S t i p u l e s  and e r e c t  l e a f  b la d e  primordium ( f r o n t a l  v i e w ) .
XI00
F ig .  24.  Format ion o f  a s t i p u l a r  hood e n c l o s i n g  t h e  a p i c a l  m e r i s t e m .  
X55
F ig .  25.  Young l e a f  primordium showing e a r l y  p r o c a m b i a l i z a t i o n  (PC) 
(median s a g i t t a l  LS).  X348
55
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P l a t e  6
F i g .  26. Leaf b la d e  primordium showing t h e  median v a s c u l a r  bundle
(median LS).  X327
F i g .  27.  Young l e a f  primordium in  e a r l y  m a r g in a l  g rowth  ( x s ) .  X800
F i g .  28.  Young lamina a p p ro x im a te ly  1 .9  mm long  ( x s ) .  XI65
F i g .  29.  Lamina o f  a young l e a f  a p p ro x im a te ly  1.9 mm in l e n g t h
showing a p p r o x im a te ly  s ix  m e r i s t e m a t i c  c e l l  l a y e r s  ( x s ) .
X1755
F i g .  30 .  Margin o f  t h e  lamina  of  a young l e a f  a p p ro x im a te ly  1.9 mm
in l e n g t h  showing t h e  m a rg in a l  m er is tem  (MM) ( x s ) . XI755
57
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P l a t e  7
F i g .  31 .  Protoderm c e l l  o f  a young l e a f  (TEM). X6925 
F i g .  3 2 .  Ground m er is tem  c e l l s  o f  a young l e a f  (TEM). X4158
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Plate 8
F ig .  33.  C lea red  m a tu re  l e a f  of M. g r a n d i f l  o ra  showing t h e  
b rochidodromus  p a t t e r n  of v e n a t i o n .  X2.8
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P l a t e  9
F i g .  34 .  P r o g r e s s i v e  i n i t i a t i o n  of procambium (a r row s)  toward t h e  
l e a f  margin  ( l e a f  c l e a r i n g ) .  X369
F i g .  3 5 .  L a t e r a l  p rocambial  s t r a n d s  (a r row s)  ex ten d in g  to  
a p p ro x im a te ly  50 urn from t h e  b l a d e  m a rg in .  X480
F i g .  36 .  S u b d iv i s io n  o f  t h e  l e a f  by t h e  i n i t i a t i o n  o f  t h e  procambium 
(a r row )  of  q u a t e r n a r y  v e i n s .  XI200
F i g .  37 .  A c ro p e ta l  d i f f e r e n t i a t i o n  of xylem (arrow) in  a secondary  
v e i n .  XI54
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P l a t e  10
F i g .  38 .  A c ro p e ta l  d i f f e r e n t i a t i o n  of s ec o n d a ry  ( 2 ° )  v e n a t i o n  
toward  t h e  m arg in  of  t h e  lam ina .  X571
F i g .  39 .  P r o g r e s s i o n  of s ec o n d a ry  ( 2 ° )  v e n a t i o n  xylem toward  t h e  
m arg in  of  t h e  l a m i n a .  X571
F i g .  4 0 .  D i f f e r e n t i a t i o n  o f  a d j a c e n t  s eco n d a ry  v e i n s .  X444
F i g .  41 .  A c ro p e ta l  d i f f e r e n t i a t i o n  o f  t h e  seconda ry  v e in  l o o p s .  
X300
F i g .  4 2 .  D i f f e r e n t i a t i o n  of t e r t i a r y  v e i n s  toward  t h e  m arg in  and 
between secondary  v e i n s .  X300
F i g .  43.  D i f f e r e n t i a t i o n  o f  t e r t i a r y  v e i n s  (3 ° )  be tween th e  
s ec o n d a ry  v e n a t i o n .  X300
65
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P l a t e  11
F ig .  4 4 -4 7 .  Vein p a t t e r n s  ( l e a f  c l e a r i n g s ) .
F ig .  44 .  P r o g r e s s i v e  d i f f e r e n t i a t i o n  o f  th e  f i n e  v e n a t i o n .  X416
F ig .  45.  D i f f e r e n t i a t i o n  of f r e e l y  t e r m i n a t i n g  v e i n  end in g s  e x ten d in g  
in to  t h e  a r e o l a e .  Note t h e  f i b r o u s  m a rg in .  X416
F i g .  4 6 .  Onset o f  1 i g n i f i c a t i o n  o f  t h e  v e n a t i o n .  Note f i b r o u s  
marg in  becoming more e v i d e n t .  X416




P l a t e  12
F ig .  4 8 - 5 3 .  Leaf b l a d e  ( x s ) .
F i g .  48 .  Margin  o f  a b la d e  10-13 mm in  l e n g t h .  X978
F i g .  49 .  Blade o f  10-13 mm in  l e n g t h .  X978
F ig .  50.  Margin o f  a b l a d e  38-40  mm in l e n g t h .  Note t h e  un ­
d i f f e r e n t i a t e d  g roup  o f  c e l l s  a t  ar rows which w i l l  become 
f i b e r s .  XI000
F ig .  51.  Blade 38-40  mm in  l e n g t h .  Note v e in  xs and b e g in n in g  o f  
p a l i s a d e  c e l l  e l o n g a t i o n s .  X1024
F i g .  52. Margin of a b la d e  60-70 mm in l e n g t h .  Immature f i b r o u s
b u n d le  a t  arrows . X797
F i g .  53. Blade  60-70  mm i n  l e n g t h .  Note o i l  c e l l s  ( a t  a r ro w s )  and 
i n t e r c e l l u l a r  spaces  b e g in n in g .  X828
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P l a t e  13
F ig .  54.  The m arg in  o f  a b la d e  130 mm in  l e n g t h .  Note un ­
d i f f e r e n t i a t e d  f i b e r s ,  w e l l  d eve loped  i n t e r c e l l u l a r  
s p ac e s  and e l o n g a t e  p a l i s a d e  c e l l s  ( x s ) .  X452
F i g .  55.  The margin  o f  a b la d e  200 mm in  l e n g t h .  Note t h e
d i f f e r e n t i a t e d  f i b e r s  a t  t h e  m a rg in ,  o i l  c e l l  (a rrow)
and d i f f e r e n t i a t i o n  o f  p a l i s a d e  and spongy mesophyl l  w i th  
l a r g e  i n t e r c e l l u l a r  s p ac e s  ( x s ) .  X513
F i g .  56.  S i l i c o n - c o n t a i n i n g  c e l l s  in  t h e  v e in  s h e a t h .  XI040




P l a t e  14
F ig .  58 -6 3 .  T r a n s v e r s e  s e c t i o n s  of  l e a v e s  of d e c id u o u s  m a g n o l i a s .
F i g .  58. Magnolia  m acroph .y l la . XI156
F i g . 59.  Mag no 1 i a f r a  s e r  i . XI156
F ig .  60.  Magnol ia  o b o v a t a . X1156
F ig .  61.  Magnolia  c o r  d a t a . XI850
F ig .  62 .  Magnol ia  t r i p e t a l a . X1156
F ig .  63 .  Magnolia s o u l a n g e a n a . XI156
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DISCUSSION
The s h o o t  apex of seed  p l a n t s  has  been t h e  s u b j e c t  o f  
numerous i n v e s t i g a t i o n s  d u r i n g  r e c e n t  y e a r s .  T h is  work has been 
rev iewed  by G i f f o r d  (1954) and by G i f f o r d  and Corson (1 9 7 1 ) .
The a p i c a l  c o n f i g u r a t i o n  o f  Magnolia  g r a n d i f l o r a , d e s c r i b e d  
by t h e  t u n i c a - c o r p u s  t h e o ry  or t h e  c y t o h i s t o l o g i c a l  z o n a t i o n  c o n ce p t  
i s  s i m i l a r  t o  t h a t  d e s c r i b e d  in t h e  l i t e r a t u r e  f o r  o t h e r  m agno l iaceous  
g e n e r a .  Th is  i s  no t  a s u r p r i s i n g  f e a t u r e  as t h e r e  seems to  be a 
s t r o n g  c o r r e l a t i o n  f o r  t h i s  t y p e  o f  a p i c a l  a r c h i t e c t u r e  among t h e  seed 
p l a n t s .  W ith in  o t h e r  R ana l ian  g e n e r a ,  G i f f o r d  (1951) found t h a t  t h e  
p re sen c e  of  a tw o - la y e re d  t u n i c a  and c y t o h i s t o l o g i c a l  z o n a t i o n  p a t t e r n  
i s  a common f e a t u r e  even though  such  g e n e ra  as Drimys w i n t e r i  v a r . .  
c h i l e n s i s  and Drimys l a n c e o l a t a  be long  to  d i f f e r e n t  s e c t i o n s  o f  one 
g e n u s ;  t h e i r  f a m i l y  W in te raceae  i s  on ly  d i s t a n t l y  r e l a t e d  t o  t h e  
M agno l i aceae ,  however.
The s i z e  o f  t h e  v e g e t a t i v e  apex o f  M. g r a n d i f l o r a  i s  ab o u t  
180 ym a t  minimal phase  o f  t h e  p l a s t o c h r o n  and ab o u t  210 ym a t  t h e  
maximal p h a se .  These  d i a m e t e r s  a r e  somewhat l a r g e r  than  t h o s e  
r e p o r t e d  f o r  t h e  e v e rg ree n  m agno l iaceous  s p e c i e s  M ich e l ia  f i g o  
(T u ck e r ,  1962) where t h e  apex r a n g e s  from 70-132 ym du r ing  a 
p l a s t o c h r o n .  The apex of  a d ec id u o u s  m ag n o l iaceo u s  s p e c i e s .  
L i r io d e n d r o n  t u l i p i f e r a  ( M i l l i n g t o n  and G unckel ,  1950) was r e p o r t e d  
to  ra n g e  from 155-255 ym.
74
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The b i l a t e r a l  s ^ m e t r y  o f  t h e  v e g e t a t i v e  apex o f  M_. grand i f !  o ra  
i s  o f  i n t e r e s t  s i n c e  t h i s  form of symmetry d i s t i n g u i s h e s  t h e  a p i c e s  
of  t h e  M agno l iaceae  from many o t h e r  R a n a l i a n  s p e c i e s  t h a t  a r e  
e s s e n t i a l l y  r a d i a l l y  s y m m e t r i c a l .  M ic h e l i a  f i g o  (T u c k e r ,  1962) and 
L i r io d e n d r o n  t u l i p i f e r a  ( M i l l i n g t o n  and G u n c k e l , 1950) a r e  o t h e r  
Magnol iaceous  g e n e r a  which e x h i b i t  b i l a t e r a l  symmetry of  t h e  apex .
In o t h e r  members of  t h e  woody R a n a l e s ,  r a d i a l  symmetry has  been 
r e p o r t e d  in  s p e c i e s  o f  t h e  W in te rac e ae  ( G i f f o r d ,  1950, 1951) ,  
S c h i s a n d r a c e a e ,  I l l i c i a c e a e ,  and T rochodendraceae  ( G i f f o r d ,  1950) .
Leaf  i n i t i a t i o n  in  M_. grand  i f  1 o ra  i s  v e ry  s i m i l a r  to  t h a t  
r e p o r t e d  in o t h e r  m ag n o l iaceo u s  g e n e r a .  The h e l i c a l  o r d e r  of 
i n i t i a t i o n  found in  t h i s  s p e c i e s  i s  n o t  u n l i k e  t h a t  o f  L i r io d e n d ro n  
and some o f  t h e  sh o o t s  o f  M i c h e l i a . However, t h e  d o r s i v e n t r a l  
o r g a n i z a t i o n  e x h i b i t e d  by some M i c h e l i a  sh o o ts  (Tucker ,  1962) i s  
not found in  M. g rand  i f ! o r a . I n i t i a t i o n  of t h e  l e a f  in a l l  t h r e e  
g e n e r a  o c cu r s  in  t h e  l a y e r  and d e v e lo p s  i n t o  an i n i t i a l  f o l i a r  
b u t t r e s s .  From t h e  l e a f  b u t t r e s s ,  bo th  t h e  s t i p u l e s  and t h e  l e a f  
b lade  d i f f e r e n t i a t e .  The s t i p u l e s  p r e s e n t  a t  t h e  apex c o m p le t e ly  
enshroud t h e  m e r i s t e m ,  fo rming  a h i g h l y  p r o t e c t i v e  s t r u c t u r e .  From 
t h i s  p o i n t ,  t h e  developm ent  d i v e r g e s .  In  L i r io d e n d ro n  ( M i l l i n g t o n  
and G unckel ,  1950) ,  t h e  l e a f  primordium o v e r a r c h e s  t h e  apex ,  perhaps  
a c t i n g  as  a s econda ry  p r o t e c t i v e  s t r u c t u r e  to  t h e  m e r i s t e m ,  w hereas ,  
in  M ic h e l i a  and M. g r a n d i f l o r a ,  t h e  l e a f  b la d e  rem a ins  e r e c t  a d j a c e n t  
t o  t h e  s t i p u l e .
The young lamina o f  L i r io d e n d ro n  a s  d e s c r i b e d  by Pray (1955) 
i s  s i m i l a r  in  app ea ran ce  t o  a comparab le  s t a g e  in  M. g r a n d i f l o r a .
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Pray r e p o r t s  f i v e  embryonic  c e l l  l a y e r s  in  t h e  l e a f ;  t h e  c y t o l o g i c a l  
a s p e c t s  a r e  s i m i l a r  to  t h o s e  of  M. g r a n d i f l o r a  in  t h a t  th e y  a r e  
m e r i s t e m a t i c  w i th  minimal v a c u o l a t i o n  and a l a r g e  c e n t r a l  n u c l e u s .  
Pray  d e s c r i b e s  t h i s  lamina a s  be ing  d e r i v e d  from t h e  a c t i o n  o f  
m a rg in a l  and s u b -m a rg in a l  i n i t i a l s .  Recen t  work (Maksymoywych and 
E r i c k s o n ,  1960; Maksymowych and Wochok, 1969) q u e s t i o n s  t h e  co n cep t  
o f  such i n i t i a l s .  Maksymowych and Wochok (1969) c o n s i d e r  th e  
e x i s t e n c e  o f  a g roup  o f  m e r i s t e m a t i c  c e l l s  w i t h i n  a b o u t  f o u r  c e l l  
d i a m e t e r s  o f  t h e  margin  t o  be r e s p o n s i b l e  f o r  t h e  m e r i s t e m a t i c  c e l l  
l a y e r s  of t h e  l a m in a .  In ML g r a n d i f l o r a  no c l e a r - c u t  f low  of 
d e r i v a t i v e s  from p r e s u m p t a t i v e  i n t i a l s  cou ld  be i d e n t i f i e d ,  hence I 
f o l l o w  Maksymowych's c o n ce p t  o f  m a rg in a l  m e r i s t e m a t i c  a c t i v i t y  in  n o t  
i d e n t i f y i n g  s i n g l e  i n i t i a l  c e l l s .
The m a tu re  l e a f  o f  L i r io d e n d r o n  (P r a y ,  1954) l a c k s  a p a l i s a d e  
l a y e r  o f  t h e  ty p e  composed of  c l o s e l y  spaced  columnar c e l l s .  Pray 
r e p o r t s  t h a t  t h e  a d a x i a l  mesophyl l  c o n s i s t s  of armed parenchyma 
(us ing  t e rm in o lo g y  of  H a b e r l a n d t ,  1882).  These  c e l l s  a r e  l a r g e  and 
a r e  more or l e s s  i s o d i a m e t r i c  w i th  s h o r t  i n v a g i n a t i o n s  or arms 
prominent on t h e  a b a x i a l  f a c e .  The second and t h i r d  mesophyl l  l a y e r s ,  
in t h i s  s p e c i e s ,  c o n s i s t  o f  c e l l s  t h a t  have even more pronounced 
i n v a g i n a t i o n s .  Loosely  a r r a n g e d  spongy mesophyl l  makes up t h e  
rem ain ing  l a y e r s  of t h e  m esophyl l  o f  t h e  L i r io d e n d ro n  l e a f .  Armed 
parenchyma i s  a l s o  p r e s e n t  in  ML o b o v a t a , M. m ac ro p h y l la  and M. 
t r i p e t a l a  (p e r s o n a l  o b s e r v a t i o n s ) .  In c o n t r a s t  to  t h e  mature  l e a f  
o f  L i r io d e n d ro n  and t h e  d e c id u o u s  Magno!ia  s p e c i e s ,  t h e  mesophyl l  
of t h e  l e a f  o f  M. g r a n d i f l o r a  i s  composed of 1-2  l a y e r s  of  c l o s e l y
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spaced p a l i s a d e  m esophy l l  and l a y e r s  of l o o s e l y  a r r a n g ed  spongy 
m e so p h y l l .  No armed parenchyma or parenchyma having wall  
i n v a g i n a t i o n s  a r e  p r e s e n t  in  t h i s  s p e c i e s .
M. g r a n d i f l o r a  p o s s e s s e s  abundant  s c l e r i f i e d  t i s s u e  in  t h e  
l am ina .  T h i s  s c le renchym a is  found as v e in  s h e a t h  and as a band 
s u r ro u n d in g  t h e  l e a f  m a r g in .  Pray  (1954 ,  1955) d o e s n ' t  m en t ion  any 
sc le renchym a  p r e s e n t  in  t h e  l e a f  o f  L i r i o d e n d r o n . F ig u r e  5 ( P r a y ,  
1954) does  show a bund le  s h e a t h  e x t e n s i o n  in  a s s o c i a t i o n  w i th  a 
small  v a s c u l a r  b u n d le ;  however t h e s e  c e l l s  do n o t  ap p ea r  to  be 
s c l e r i f i e d .  Tucker  (1977) r e p o r t s  t h a t  in  L i r io d e n d r o n  t u l i p i f e r a  
s c l e r e i d s  a r e  p r e s e n t  in  t h e  p e t i o l e  and m i d r i b  b u t  a r e  no t  p r e s e n t  
in t h e  l a m in a .  Lobed b u n d le  s h e a th  c e l l s  a r e  p r e s e n t  which ,  u n l i k e  
o th e r  members o f  t h e  M a g n o l i a c e a e ,  l a c k  s c l e r i f i c a t i o n  in  L i r io d e n d r o n  
(T u ck e r ,  1977).  W ith in  t h e  M ag n o l i ac ea e ,  t h e  s c l e r i f i e d  v e i n  s h ea th  
i s  p r e s e n t  in many t e m p e r a t e  and t r o p i c a l  Magnolia s p e c i e s  (T u ck e r ,  
1977).  •
The m a rg in a l  band o f  sc le renchyma b o rd e r in g  t h e  lamina  in  
M_, g r a n d i f l o r a  o ccu r s  m a in ly  in  two s e c t i o n s  of  t r o p i c a l  e v e r g ree n  
m ag no l iaceous  s p e c i e s  and i s  a b s e n t  in  dec iduous  s p e c i e s  of  Asia  and 
America (T ucker ,  1977).  These  f i b e r s  become l i g n i f i e d  l a t e  in 
ontogeny a f t e r  t h e  l e a f  has  a t t a i n e d  i t s  f u l l  s i z e  in  M. grand i f ! o r a . 
These f i b e r s  p ro v id e  s t r u c t u r a l  s u p p o r t  f o r  t h e  l e a f  and may a l s o  
d i s c o u r a g e  h e r b i v o r e  and i n s e c t  p r e d a t i o n  on t h e  f o l i a g e .
E t h e r e a l  o i l  c e l l s  a r e  c h a r a c t e r i s t i c  of t h e  members o f  t h e  
woody Ranales  (West,  1969) a s  wel l  a s  o t h e r  p l a n t s .  These c e l l s  a re
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prom inen t  i n  t h e  mesophyl l  o f  M. g r a n d i f l o r a . In t h e  l e a v e s ,  e t h e r e a l  
o i l  c e l l s  may a c t  a s  a p h o t o s y n t h e t i c  w as te  b y - p r o d u c t  pool or a s  an 
a r e a  f o r  p h o to s y n th a t e  s t o r a g e .
The e v e r g r e e n  lamina  of  M_. g r a n d i f l o r a  v a r i e s  from d ec id u o u s  
Magnolia s p e c i e s  in s e v e r a l  a s p e c t s  i n c l u d i n g  a much t h i c k e r  b l a d e ,  
a f i b r o u s  m arg in ,  t h i c k  s c le ren ch y m ato u s  v e in  s h e a t h s ,  c u t i c l e  
t h i c k n e s s ,  s i l i c i f i c a t i o n ,  and g r e a t e r  l o n g e v i t y .
The l e a f  b l a d e  o f  M_. g r a n d i f l o r a  i s  composed of 8 -12  l a y e r s  of 
c e l l s  w h i l e  t h e  Magnolia  s p e c i e s  s t u d i e d  v a r i e d  from 8 -1 0  c e l l  l a y e r s  
in  M. t r i p e t a l a  to  6-8  c e l l  l a y e r s  in M. c o r d a t a . At m a t u r i t y ,  t h e  
b la d e  o f  M. g r a n d i f l o r a  i s  230-250 ym in  t h i c k n e s s  a s  compared to  t h e  
dec iduous  Magnolia  s p e c i e s  t h a t  ranged  from a b o u t  148 ym t h i c k  in  
M_. t r i p e t a l a  to  ab o u t  180 ym in  M_. o b o v a t a . The d ec id u o u s  h y b r id  
s p e c i e s  M_. sou langeana  (M. d e n u d a ta  X M_. l i l i f l o r a ) e x h i b i t e d  as  
many c e l l  l a y e r s  in  t h e  lamina  as M_. g r a n d i f l o r a , b u t  t h e  b la d e  
t h i c k n e s s  was only  200 ym.
Armed parenchyma i s  p r e s e n t  in  M_. o b o v a t a , M. macroph.ylla and 
M_. t r i p e t a l a , as w e l l  a s  i n  L i r io d e n d r o n  t u l i p i f e r a  ( P r a y ,  1954) b u t  
i s  r e p l a c e d  by p a l i s a d e  parenchyma in  M. g r a n d i f l o r a .
Deciduous Magnolias  o f  Asia and America a r e  r e p o r t e d  t o  l a c k  
m a rg in a l  sc le renchyma (T u ck e r ,  1977).  The dec iduous  Magnolia s p e c i e s  
I s t u d i e d  la ck ed  m a rg in a l  sc le renchyma and on ly  M. macroph.ylla had 
s c l e r i f i e d  minor  v e i n  s h e a t h s .  The b l a d e  o f  M. g r a n d i f l o r a  e x h i b i t s  
m a rg in a l  scle renchyma and sc le renchyma i s  a s s o c i a t e d  a l s o  w i th  t h e  
v e n a t i o n .
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The c u t i c l e  t h i c k n e s s  of most o f  t h e  d ec id u o u s  Magnolia 
s p e c i e s  s t u d i e d  i s  a p p r o x im a te ly  1 pm. The o n ly  d ec id u o u s  s p e c i e s  
in t h i s  s t u d y  t o  exceed t h i s  f i g u r e  i s  t h e  h y b r id  M. sou langeana  
where t h e  t h i c k n e s s  i s  a b o u t  2-3 pm. The c u t i c l e  t h i c k n e s s  o f  
M. g r a n d i f l o r a  i s  abou t  5-7 pm on t h e  a d a x ia l  e p id e r m is  and ab o u t  
2-5 pm on t h e  a b a x i a l  e p i d e r m i s .
The p r e s e n c e  o r  a b se n c e  of s i l i c o n  in  Magnoliaceous  s p e c i e s  
has been s t u d i e d  e x t e n s i v e l y  only  in M. grand i f l o r a . However, in 
t h o s e  d ec id u o u s  s p e c i e s  s e c t i o n e d ,  s i l i c o n  p h y t o l i t h s  in  t h e  b lade  
were e n co u n te red  on ly  in  M. s o u l a n g e a n a . No ep idermal  s i l i c i f i c a t i o n  
was observed  in  any o f  t h e  d ec iduous  s p e c i e s .  These'  o b s e r v a t i o n s  
may be b i a s e d  by t h e  age o f  t h e  l e a v e s  sampled and env i ronm en ta l  
c o n d i t i o n s  l e a d i n g  t o  s i l i c o n  d e p o s i t i o n .
The lam ina  o f  M_. g r a n d i f l o r a  v a r i e s  markedly  from t h e  
dec iduous  s p e c i e s  s t u d i e d .  The e v e r g r e e n  l e a f  o f  M. grand  i f ! o r a  
does  no t  d i f f e r  a p p r e c i a b l y  in e a r l y  development from a dec iduous  
l e a f  l i k e  L i r i o d e n d r o n . However, d u r in g  l a t e  on togeny t h e  Magnolia 
g r a n d i f l o r a  l e a f  becomes more complex; i t  becomes t h i c k e r  and 
e s t a b l i s h e s  more c e l l  l a y e r s  th a n  in most  o f  t h e  d ec iduous  Magnol ia  
s p e c i e s  s t u d i e d .  In t h e  b l a d e  of  Magnolia  g r a n d i f l o r a , a g r e a t  dea l  
o f  energy  i s  expended in  t h e  e s t a b l i s h m e n t  of s u p p o r t  and p r o t e c t i o n  
mechanisms t h a t  a l lo w  t h e  l e a v e s  to  w i t h s t a n d  a d v e r s e  env i ronm en ta l  
i n f l u e n c e s  and v a r i o u s  p r e d a t i o n  f a c t o r s .
SUMMARY
The apex o f  Magnolia  g r a n d i f l o r a  can be d e s c r i b e d  by t h e  
t u n i c a - c o r p u s  and c y t o h i s t o l o g i c a l  z o n a t i o n  c o n c e p t s .  The apex i s  
composed o f  a b i s e r t i a t e  or t r i s e r i a t e  t u n i c a  o v e r l y i n g  a c o r p u s .
Leaf p r im o rd ia  a r e  i n i t i a t e d  by p e r i c l i n a l  d i v i s i o n s  i n  t h e  second 
l a y e r  o f  t h e  t u n i c a .  Fo l lowing  l e a f  i n i t i a t i o n ,  a f o l i a r  b u t t r e s s  
i s  fo rm ed .  Marginal  growth  b eg ins  a s  soon as t h e  b u t t r e s s  i s  formed 
and t h e  l e a f  b a se  g r a d u a l l y  e x te n d s  around t h e  apex .  As growth 
c o n t i n u e s ,  s e p a r a t i o n  o f  t h e  l e a f  b la d e  primordium from t h e  s t i p u l e  
p roceeds  by i n t e n s i f i e d  a n t i c l i n a l  d i v i s i o n s  in  t h e  s u r f a c e  and 
s u b s u r f a c e  l a y e r s  n ea r  t h e  b a s e .  Fo l lowing  d e l i m i t a t i o n ,  t h e  l e a f  
b l a d e  and s t i p u l e s  c o n t i n u e  d eve lopm en t .  Marginal growth b eg ins  in 
t h e  b la d e  primordium when i t  r e a c h e s  a p p ro x im a te ly  200 ym in h e i g h t  
and r e s u l t s  in  t h e  f o r m a t i o n  o f  two w i n g - l i k e  e x t e n s i o n s ,  t h e  lam in a .  
Th is  young b l a d e  rem a ins  in  a c o n d u p l i c a t e l y  f o l d e d  p o s i t i o n  next t o  
t h e  s t i p u l e  u n t i l  bud b r e a k .  Upon emergence o f  t h e  l e a f  from th e  bud, 
t h e  l e a f  r a p i d l y  i n c r e a s e s  in  s i z e  by c e l l  d i v i s i o n  and c e l l  
e l o n g a t i o n ,  f i n a l l y  to  r e a c h  a m a tu re  s i z e  of 190-230 mm.
The m a tu re  l e a f  o f  M. g r a n d i f l o r a  d i f f e r s  from d ec iduous  
Magnolia s p e c i e s  in  g r e a t e r  lamina t h i c k n e s s ,  l a r g e r  number o f  c e l l  
l a y e r s ,  g r e a t e r  c u t i c l e  t h i c k n e s s ,  more s c l e r i f i c a t i o n ,  s i l i c i f i c a t i o n ,  
p a l i s a d e  mesophyl l  deve lopm ent ,  and ab se n c e  o f  armed parenchyma.
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PART I I I
SILICON OCCURRENCE IN THE LEAVES 
OF MAGNOLIA GRAND IFLORA L.
INTRODUCTION
S i l i c o n  o c c u r s  n a t u r a l l y  in  p l a n t s  in t h e  form o f  i t s  hyd ra ted  
o x id e  ( S i 0 2 • nH^O), commonly c a l l e d  s i l i c a .  S i l i c a  has  been shown 
to  be a n e c e s s a r y  e lem en t  in t h e  normal developm ent  o f  many p l a n t s  
(Fox, S i l v a ,  Younge, P l u c k n e t t  and Sherman, 1967; Miyake and T a k a h a s h i ,  
1978; Lewin and Reimann, 1969) ,  p l a y in g  an a r r a y  of r o l e s  i n c l u d i n g :  
s t r e n g t h e n i n g ,  p r o t e c t i o n  a g a i n s t  pa thogens  and r e d u c t i o n  of  w a ter  
l o s s .  The d e p o s i t i o n  o f  s i l i c a  in v a r i o u s  p o r t i o n s  of t h e  p l a n t  body, 
e s p e c i a l l y  t h e  l e a v e s ,  may a l s o  be viewed as  a way f o r  t h e  p l a n t  t o  
d i s p o s e  of any e x ce s s  s i l i c o n  t a k e n  up beyond t h a t  n e c e s s a r y  f o r  
normal m e tabo l i sm  (Lewin and Reimann, 1969).
During r e c e n t  y e a r s ,  many s t u d i e s  have d e a l t  w i th  
s i l i c i f i c a t i o n  in p l a n t s .  S i l i c i f i c a t i o n  o ccu rs  in members o f  t h e  
Chrysophyceae ,  B a c i l l a r i o p h y c e a e  ( M i l l i n g t o n  and Gawlik ,  1967),  
Xanthophyceae (Lewin and Reimann, 1969) and C h io rophyceae .  In h ig h e r  
p l a n t s ,  d e p o s i t i o n  o f  s i l i c o n  in  t h e  p l a n t  body has been d em o n s t ra t ed  
in  t h e  E q u i s e t a c e a e  (Chen and Lewin, 1969; Hoffman and H i l l  son,
1979; Kaufman, B ige low,  Schmid and Ghosheh, 1971; L a ro c h e ,  R o b e r t s ,  
LeCoq and G u e rv in ,  1976),  t h e  gymnosperms (Brydon and D ore ,  1963) 
and t h e  a n g iospe rm s .  T a b le  I rev iew s  t h e  l i t e r a t u r e  d e a l i n g  w i th  
s i l i c i f i c a t i o n  in a n g io sp e rm s .
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S i l i c o n  i s  p r e s e n t  in  t h e  l e a v e s  o f  Magnolia  g r a n d i f l o r a  L. 
M e tc a l f e  and Chalk  (1950) r e p o r t e d  t h a t  i t s  l e a f  e p id e r m is  i s  
s i l i c i f i e d  and Tucker (1976a) r e p o r t e d  t h e  p re sen c e  of " g l i s t e n i n g "  
c e l l s  a t  v e i n l e t  t e r m i n i  s u s p e c t e d  to  be s i l i c e o u s .  T h i s  s t u d y  was 
u n d e r t a k e n  t o  e l u c i d a t e  t h e  n a t u r e  of t h e s e  c e l l s  and t o  d e t e r m in e  
i f ,  i n  f a c t ,  s i l i c i f i c a t i o n  does  occur  in  t h i s  s p e c i e s .
MATERIALS AND METHODS
The l e a v e s  o f  Magnolia  g r a n d i f l o r a  L. were c o l l e c t e d  over a 
f i v e  y e a r  p e r io d  from t r e e s  on t h e  campus o f  L o u i s ian a  S t a t e  
U n i v e r s i t y .
Many o f  t h e  p ro c e d u re s  used  f o r  t h i s  p r e p a r a t i o n  o f  spec imens 
f o r  l i g h t  m ic ro s c o p y ,  t r a n s m i s s i o n  e l e c t r o n  m ic ro sco p y  and scanning  
e l e c t r o n  m ic roscopy  were e s s e n t i a l l y  t h e  same a s  t h o s e  used  f o r  t h e  
s tudy  o f  l e a f  deve lopm ent  ( P a r t  I I ) .  E x c e p t io n s  in specimen 
p r e p a r a t i o n  t e c h n i q u e s  a r e  d e s c r i b e d  below.
P r e p a r a t i o n  of t h e  specimens  f o r  s cann ing  e l e c t r o n  m ic roscopy  
( s e c o n d a ry  e l e c t r o n  d e t e c t i o n )  d i f f e r e d  o n ly  in  t h a t  some paradermal 
s l i c e s  of  l e a v e s  were  c u t  w i th  a r a z o r  b la d e  th rough  t h e  mesophyl l  
t o  expose  t h e  s i l i c e o u s  i d i o b l a s t  c e l l s .  T h i s  m a t e r i a l  was p rocessed  
by s t a n d a r d  p r e p a r a t o r y  m e th o d s .  The c r i t i c a l - p o i n t  d r i e d  m a t e r i a l  
was mounted on specimen s t u b s ,  c o a t e d  w i th  g o ld  or  g o l d - p a l l a d i u m  and 
viewed e i t h e r  on a JEOL-JSM-U-3 or H i t a c h i  S-500 scann ing  e l e c t r o n  
m ic ro s c o p e .
S i l i c o n  b o d ie s  were s e p a r a t e d  from l e a f  t i s s u e  by d i g e s t i o n  
in e i t h e r  a s a t u r a t e d  po ta ss ium  d i c h r o m a t e / s u l p h u r i c  a c i d  s o l u t i o n  
or a n i t r i c  a c i d / p e r c h l o r i c  a c id  s o l u t i o n  ( P a r r y  and Sm i thson ,  1958b).  
E i t h e r  form of d i g e s t i o n  y i e l d e d  s i m i l a r  r e s u l t s .  The f r e e d  s i l i c a  
p h y t o l i t h s  were washed f r e e  o f  t h e  a c i d  w i th  d i s t i l l e d  w a te r  and 
a i r - d r i e d  upon c o v e r s l i p s  and f u r t h e r  p re p a red  f o r  v iewing in  t h e  
scann ing  e l e c t r o n  m ic ro sco p e  ( P o s t e k ,  1975) .  Some of  t h e  c o v e r s l i p s
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were a l s o  i n v e r t e d  i n t o  E u k i t t  mounting medium on g l a s s  s l i d e s  f o r  
v iewing on t h e  l i g h t  pho to m ic ro sco p e .
X-ray  m ic ro p ro b e  d a t a  was o b ta in e d  from specimens  i n i t i a l l y  
p re p a red  as d e s c r i b e d  above w i th  t h e  e x c e p t i o n  t h a t  mounting was 
done on ca rbon  p l a c h e t t e s  w i th  c o l l o i d a l  c a rb o n  a d h e s i v e  ( P o s t e k ,  
1 978a ) .  The specimens were c o a te d  w i th  carbon  on ly  r a t h e r  than 
w i th  t h e  s t a n d a r d  go ld  or g o l d - p a l l a d i u m  in  o rd e r  to  m a i n t a i n  a low 
x - r a y  background ( P o s t e k ,  Howard, Johnson and McMichael,  1980) .
For en e rg y  d i s p e r s i v e  x - r a y  m i c r o a n a l y s i s  (EDS) t h e  spec imens were 
viewed on a JE0L-JSM-U2 scan n in g  e l e c t r o n  m ic ro sco p e  o p e r a t e d  a t  25 
KeV coup led  w i th  an ORTEC e n e rg y  d i s p e r s i v e  x - r a y  m i c r o a n a l y s i s  
s y s te m .  Area maps d i s p l a y e d  were p re p a red  by s e t t i n g  a "window" in
t h e  EDS system f o r  t h e  e l em en t  s i l i c o n  (K 1 .7 4  KeV) w i th  a s i l i c a
a
gel s t a n d a r d ,  t h e n  p roceed ing  w i th  t h e  a rea  map p ro ced u re  (P o s te k  
e t  a l_ . , 1980).
Specimens f o r  t r a n s m i s s i o n  e l e c t r o n  m ic roscopy  were p repa red  
in  t h e  manner p r e v i o u s l y  d e s c r i b e d  ( P a r t  I I )  w i th  t h e  e x c e p t i o n  t h a t  
t h e  s e c t i o n s ,  in  many i n s t a n c e s ,  were viewed w i t h o u t  p o s t - s t a i n i n g  
in  o r d e r  t o  m in im ize  t h e  d i s r u p t i o n  of t h e  amorphous s i l i c a  in t h e  
c e l l s .  The s e c t i o n s  were viewed on a H i t a c h i  11-A t r a n s m i s s i o n  
e l e c t r o n  m ic ro sco p e  a t  75 KeV or  a Z e is s  10 C t r a n s m i s s i o n  e l e c t r o n  
m ic ro sco p e  a t  100 KeV.
Energy d i s p e r s i v e  x - r a y  m i c r o a n a l y s i s  was a l s o  done on 
s e c t i o n s  p re p a red  f o r  t r a n s m i s s i o n  e l e c t r o n  m ic roscopy  and viewed in 
t h e  STEM mode of  t h e  e l e c t r o n  m ic r o s c o p e .  Specimens were c u t ,
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p laced  upon c o p p e r  g r i d s  and viewed u n s t a i n e d  a t  30 KeV i n  a JEOL- 
JEM 100 CX TEMSCAN equipped w i th  a s i d e  e n t r y  gon iom ete r  s t a g e ,  a 
high r e s o l u t i o n  SCANNING/STEM (ASID-4) a t t a c h m e n t  and a Kevex EDS 
sys tem .  Area mapping p ro c e d u re s  were  s i m i l a r  to  t h o s e  f o r  t h e  
s t a n d a r d  a n a l y t i c a l  s cann ing  e l e c t r o n  m ic ro s co p e .
OBSERVATIONS
S i l i c e o u s  i d i o b l a s t s  occur  in  t h e  l e a v e s  of  Maqnolia 
g r a n d i f l o r a  ( F i g .  6 4 ) .  Because  t h e s e  i d i o b l a s t s  a r e  w id e ly  s c a t t e r e d  
and i n f r e q u e n t  in s e c t i o n e d  m a t e r i a l ,  a c i d  d i g e s t i o n  o f  l e a v e s  was 
used to  c o n c e n t r a t e  and i s o l a t e  them.  Acid d i g e s t i o n  w i th  e i t h e r  
method c o m p le t e ly  removes a l l  o rg a n ic  m a t e r i a l  l e av in g  on ly  t h e  
a c i d - r e s i s t a n t  c a s t  of t h e  c e l l .  These  s i l i c e o u s  c a s t s  a r e  commonly 
r e f e r r e d  t o  as  p h y t o l i t h s  (B a k e r ,  1959) .  T h i s  t e c h n i q u e  f o r  t h e  
i s o l a t i o n  o f  p h y t o l i t h s  d i f f e r s  from t h e  t e c h n i q u e  of  a c e t o l y s i s  
used in  pa lyno logy  in  t h a t  t h e  s t ro n g  o x i d a t i o n  of  t h e  p r e s e n t  
r e a c t i o n  removes a l l  o r g a n i c  m a t e r i a l  i n c lu d in g  s p o r o p o l l e n i n .  A c id -  
r e s i s t a n t  r e f r a c t i l e  p h y t o l i t h s ,  d i g e s t e d  from l e a v e s ,  i n c l u d e s  
a r t i f a c t s  of t e r m i n a l  t r a c h e i d s  ( F i g .  6 5 ) ,  v e in  sh ea th  c e l l s  ( F i g .  
66) ,  ep iderm al  c e l l s  ( F i g .  67) and guard  c e l l  p a i r s  ( F i g .  6 8 ) .
These  p h y t o l i t h s  may be s o l i t a r y  or c l u s t e r e d  ( F ig .  6 9 ) .  G lo b u la r  
p h y t o l i t h s  no t  r e a d i l y  i d e n t i f i a b l e  w i th  any s p e c i f i c  c e l l  t y p e  a r e  
a l s o  p r e s e n t  ( F i g .  7 0 ) .
Energy d i s p e r s i v e  x - r a y  m i c r o a n a l y s i s  coup led  w i th  t h e  
scanning  e l e c t r o n  m ic ro sco p e  d e m o n s t r a t e d  t h e  e lem en t  s i l i c o n  
(K 1 .7 4  KeV) in  i s o l a t e d  a c i d - r e s i s t a n t  p h y t o l i t h s .  The spectrum 
o f  x - r a y  energy  g e n e r a t e d  by t h e  i s o l a t e d  p h y t o l i t h s  i s  i d e n t i c a l  t o  
a spectrum g e n e r a t e d  from a s i l i c a  ge l  s t a n d a r d  ( F i g .  7 1 ) .  Area 
mapping t e c h n i q u e s  u s in g  a r e g i o n  o f  i n t e r e s t  10 c h a n n e l s  on e i t h e r
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s i d e  o f  t h e  s i l i c o n  1 .7 4  KeV peak d e m o n s t r a t e d  i t s  p re s e n c e  in  
p a r a d e r m a l ly  s e c t i o n e d  l e a f  t i s s u e  ( F i g .  72 ,  7 3 ) .
Vein Sheath
P h y t o l i t h s  d e r i v e d  from t h e  d i g e s t i o n  o f  v e in  s h e a th  c e l l s  
( F i g .  66 ,  74) a r e  common in  t h e  p r e p a r a t i o n .  These  p h y t o l i t h s  form 
a long  t h e  minor v e in s  ( F i g .  75) and t h e y  a r e  g e n e r a l l y  smooth,  long 
and s l e n d e r  r o d s  which o f t e n  t a p e r  to  a f i n e  p o i n t  a t  each t i p  
( F i g .  6 6 ) .  These p h y t o l i t h s  r a n g e  from 150-300 um i n  l e n g t h ;  due to  
t h e i r  l e n g th  and narrow d i a m e te r  t h e y  o f t e n  b r e a k  in  p r o c e s s i n g .
Vein s h e a th  p h y t o l i t h s  a r e  r e f r a c t i l e  and smooth in s u r f a c e  app ea ran ce  
and may o f t e n  be branched ( F i g .  7 4 ) .  Vein s h e a t h  p h y t o l i t h s  a re  
observed  on ly  in dead s h e a th  c e l l s  and a r e  found m a in ly  a d j a c e n t  t o  
t h e  xylem.
T r a c h e a ry  Elements
P h y t o l i t h s  a s s o c i a t e d  w i th  t e r m i n a l  t r a c h e i d s  ( F i g .  65 ,  76) 
a r e  common in  t h e  a c id  i s o l a t e .  These  p h y t o l i t h s  a r e  c h a r a c t e r i z e d  
by t h e i r  s e r r a t e ,  m u l t i - f a c e t e d  a p p ea ra n ce  ( F i g .  7 6 ) ;  t h e y  a r e  ab o u t  
50-70 um in  l e n g t h .  They a re  h ig h ly  r e f r a c t i l e  and a r e  smooth in  
s u r f a c e  a p p e a ra n c e .  Tucker  (1976a)  i n d i c a t e d  t h a t  t h e i r  w a l l s  a r e  
on ly  s l i g h t l y  l i g n i f i e d ,  and most wal l  f a c e t s  l a c k  o r n a m e n ta t io n .
The " s e r r a t e "  n a t u r e  of t h e s e  p h y t o l i t h s  i s  a d i r e c t  consequence  of  
t h e  o r i g i n a l  c e l l  wal l  p l a s t i c i t y  and t h e  c o n t a c t s  i t  had with  
a d j a c e n t  c e l l s  ( F i g .  7 5 ) .  S im i l a r  a n g u l a r  p h y t o l i t h s  were r e p o r t e d  
from t h e  wood paranchyma of  s e v e r a l  woody s p e c i e s  ( S c u r f i e l d ,  Anderson 
and S e g n i t ,  1974a).
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Xylem t r a c h e a r y  e lem en ts  w i th  h e a v i l y  l i g n i f i e d  w a l l s  
produce  p h y t o l i t h s  t h a t  a r e  complex in  morphology ( F i g .  7 8 ) .  These  
p h y t o l i t h s  a r e  c y l i n d r i c a l  in  shape  and a r e  a b o u t  70-100  um l o n g .
The c h a r a c t e r i s t i c  p r o j e c t i o n s  r e s u l t  from t h e  f i l l i n g  of  t h e  p i t s  
in  t h e  c e l l  wall w i th  s i l i c a  (F ig .  7 9 ) .  Such p h y t o l i t h s  a r e  r a r e  
in  t h e  p r e p a r a t i o n s .
Epidermal Cel l
The p h y t o l i t h s  d e r i v e d  from ep iderm al  c e l l s  a r e  r a r e  in  t h e  
p r e p a r a t i o n .  These p h y t o l i t h s  a r e  s in u o u s  o r  l o b a t e  in o u t l i n e  
( F i g .  6 7 ) .  They r e t a i n  t h e  shape of t h e  a b a x i a l  ep iderm al  c e l l  in  
which th e y  were fo rmed .  Epidermal p h y t o l i t h s  a r e  ab o u t  70 ym wide 
and 200 ym in  l e n g t h .  They have a more g r a n u l a r  a p p ea ra n ce  th a n  t h e  
o t h e r  p h y t o l i t h  t y p e s .  Tucker  (1977) l i s t s  s e v e r a l  m agno l iaceous  
s p e c i e s  t h a t  have s c l e r i f i e d  dermal l a y e r s ;  however s i l i c i f i c a t i o n  
was no t  r e p o r t e d .
Guard Cel l
P h y t o l i t h s  o f  g u a r d - c e l l  p a i r s  t o g e t h e r  w i th  t h e i r  a s s o c i a t e d  
s u b i s i d a r y  c e l l s  o c c u r re d  on ly  o c c a s i o n a l l y  in  t h e  a c i d - d i g e s t e d  
l e a f  m a t e r i a l  ( F i g .  6 8 ) .  Those p h y t o l i t h s  were s i m i l a r  in a p p ea ra n ce  
t o  t h e  guard  c e l l s  o f  t h e  i n t a c t  l e a f  ( F i g .  8 0 ) .  These  c e l l  c a s t s  
d id  n o t  r e f r a c t  l i g h t  i n  t h e  c l e a r e d  m a t e r i a l  under phase  c o n t r a s t  
m ic ro sco p y .  They were s t u d i e d  most  e f f e c t i v e l y  under  d i f f e r e n t i a l  
i n t e r f e r e n c e  c o n t r a s t  m ic roscopy  ( F i g .  68) o r  scann ing  e l e c t r o n  
m ic roscopy  ( F i g .  81 ,  82) a s  th e y  e x h i b i t e d  v e r y  low c o n t r a s t  under  
s t a n d a r d  phase  o p t i c s .  Both t h e  e x t e r n a l  ( F ig .  81) and i n t e r n a l
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( F i g .  82) views o f  t h e  guard  c e l l  p a i r s  were  observed  in  t h e  SEM.
The s tom a ta  appeared  t o  be c l o s e d .  Ex tend ing  from t h e  guard  c e l l  
p a i r s  i s  a p o r t i o n  o f  s i l i c i f i e d  ep iderm al  wall  ( F i g .  8 1 ,  8 2 ) .
These  p h y t o l i t h s  were abou t  300 ym in  s i z e .
Epidermal Wall
S i l i c e o u s  p a r t i c l e s  found in  t h e  ep iderm al  w a l l s  were  no t  
found s e p a r a t e l y  in  t h e  a c i d - d i g e s t e d  m a t e r i a l .  These were t o o  f r a g i l e  
or  too  smal l  t o  w i t h s t a n d  p r o c e s s i n g .  Such m a t e r i a l  can  be seen in
c o n t i n u i t y  with  t h e  guard  c e l l  p h y t o l i t h s  ( F i g .  81,  8 2 ) .
S i l i c o n  i s  p r e s e n t  in  t h e  c e l l  w a l l  of  t h e  a d a x i a l  ( F i g .  83) 
and a b a x i a l  ( F i g .  84) ep id e rm a l  wall  i n  m a tu re  l e a v e s .  S i l i c o n  i s  
a l s o  found e x t e r n a l  to  t h e  upper  e p id e r m is  in t h e  c u t i c l e  ( F i g .  8 5 ) .  
Hence,  in  a s e c t i o n  of  t h i s  ty p e  two bands o f  s i l i c a  may be  observed 
w ith  x - r a y  mapping t e c h n i q u e  f o r  s i l i c o n  ( F i g .  85 and 8 6 ) .  P h y t o l i t h s  
o f  t h i s  t y p e  o f  s i  1 i c i f i c a t i o n  a r e  n o t  found and such remnant s i l i c a  
would be grouped in  t h e  a t y p i c a l  p h y t o l i t h  c a t e g o r y .  Si 1i c i f i c a t i o n  
e x t e r n a l  to  t h e  c e l l  wall  i s  found in Equisetum (Kaufman e t  a 1 . ,
1971) where t h e  s i l i c i c  a c i d  i s  s e c r e t e d  th ro u g h  t h e  c e l l  w a l l  and
d e p o s i t e d  benea th  t h e  c u t i c l e .
A ty p ic a l  P h y t o l i t h s
P h y t o l i t h s  t h a t  a r e  a t y p i c a l  o r  t h o s e  n o t  r e a d i l y  i d e n t i f i a b l e  
w i th  any s p e c i f i c  c e l l  t y p e  were common in  t h e  p r e p a r a t i o n  ( F i g .  7 0 ) .  
T h i s  s e c t i o n  would a l s o  i n c l u d e  broken p i e c e s  of  p h y t o l i t h s  o f  o t h e r  
t y p e s .  A ty p ic a l  si  1 i c i f i c a t i o n  was r e p o r t e d  by Blackman and P a r ry  
(1968) in r y e  ( S e c a l e  c e r e a l e ) . These  workers  c o n s i d e r  such
90
s i l i c i f i c a t i o n  a r e s u l t  o f  l o c a l  en v i ronm en ta l  f a c t o r s  o r  where 
s i l i c i c  a c i d  s u p p l i e s  a r e  abundant  in  th e  l e a f .  They r e p o r t  t h a t  
such s i l i c a  i s  p ro b a b ly  n o t  l a i d  down by t h e  same mechanisms o r  a t  
t h e  same time as o t h e r  p h y t o l i t h s .
Development
S i l i c e o u s  p h y t o l i t h s  form by t h e  d e p o s i t i o n  o f  s i l i c a  from 
th e  m o n o s i l i c i c  a c i d  in  t h e  lumen o r  c e l l  wal l  ( F i g .  8 3 ) .  The 
p h y t o l i t h  i s  composed o f  ro u g h ly  s p h e r i c a l  s i l i c a  bod ie s  50-65 nm 
in  s i z e  ( F ig .  84) which a ccu m u la te  as  a mass e x t e n d i n g  i n t o  t h e  p i t s  
( F i g .  8 5 ) .  The f i l l i n g  o f  t h e  c e l l  lumen w i th  s i l i c a  in  h a l f ­
b o rd e re d  and b o r d e r e d  p i t s  r e s u l t s  in  k n o b - l i k e  p r o j e c t i o n s  on t h e  
p h y t o l i t h  ( F i g .  78,  79 ,  83 ,  8 5 ) .  The s i l i c o n  c a s t  may o c c u r  in  
c o n j u n c t i o n  w i th  f i b r i l l a r  m a t e r i a l  r e s u l t i n g  from n u c l e a r  and 
c y t o p l a s m i c  a t ro p h y  (Kaufman, P e t e r i n g  and S m i th ,  1970) .  In such 
c a s e s ,  com ple te  f i l l i n g  o f  t h e  c e l l  lumen s u p p l a n t s  and p r o t o p l a s t ;  
such p h y t o l i t h  fo r m a t io n  was d e s c r i b e d  by S a n g s t e r  and P a r r y  (1967a) 
and Kaufman, B ige low,  Schmid and Ghosheh (1 971) .  S a n g s t e r  (1968) 
r e p o r t s  t h a t  th e  porous n a t u r e  o f  t h e  s i l i c a  r e s u l t s  from 
p o l y m e r i z a t i o n  o f  t h e  s i l i c i c  a c i d  in  t h e  p r e s e n c e  o f  m in e ra l  ions  
on a d i s p e r s e d  o r g a n i c  m a t r i x  and may e x p l a i n  why th e  s i l i c a  may n o t  
c o m p le te ly  f i l l  th e  c e l l  lumen ( F i g .  8 3 ) .
S i t e s  o f  p h y t o l i t h  development in  t h e  l e a f  o f  M. g r a n d i f l o r a  
a r e  e r r a t i c a l l y  d i s t r i b u t e d  and no r e g u l a r  p a t t e r n  can be d e te r m in e d .  
However, p h y t o l i t h s  a r e  n o t  o bse rved  in  t h e  l e a f  u n t i l  l a t e  in 
v a s c u l a r  ontogeny  and i n t e r c e l l u l a r  sp ace  f o r m a t io n  in  t h e  spongy
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m e so p h y l l .  T h i s  does  n o t  imply t h a t  s i l i c i c  ac id  u p t a k e  i s  no t  
o c c u r r i n g  t h r o u g h o u t  o n togeny  b u t  t h a t  t h e  p h y t o l i t h s  a r e  n o t  p r e s e n t  
in  e i t h e r  young c l e a r e d  l e a v e s  o r  a c i d  d i g e s t i o n  p r e p a r a t i o n s .  In 
s e c t i o n e d  m a t e r i a l ,  no d i s t i n g u i s h i n g  f e a t u r e s  c h a r a c t e r i z e  t h e  
p re su m p t iv e  s i l i c e o u s  i d i o b l a s t s .  T h i s  cou ld  be a consequence  of  
t h e  n a t u r e  of  t h e  s i  1 i c i f i c a t i o n  p r o c e s s  in  M. g r a n d i f l o r a , or on ly  
t h a t  t h o s e  c e l l s  observed  were no t  d e s t i n e d  t o  be s i l i c i f i e d .  In 
some l e a v e s  t h e  p h y t o l i t h s  o f  t e r m in a l  t r a c h e i d s  were t h e  f i r s t  t o  
be o b s e r v e d ;  l a t e r  on,  v e i n - s h e a t h  p h y t o l i t h s  were  p r e s e n t .  But 
i n  o t h e r  l e a v e s  t h e  c o n v e r se  was fo u n d .  The on ly  v a l i d  g e n e r a l i z a t i o n  
i s  t h a t  t h e  ep iderm al  w a l l  and c u t i c u l a r  s i l i c i f i c a t i o n  a r e  p r e s e n t  
in l e a v e s  t h a t  a r e  m a tu re  and have a t t a i n e d  190-220 mm in  l e n g t h .
Such l e a v e s  a r e  c o r i a c e o u s .
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F i g .  72 .  I d i o b l a s t  i n  a paradermal  h a n d -c u t  s e c t i o n  th ro u g h  t h e  
spongy mesophyl l  (SEM). X2764
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F i g .  87 .  T r a c h e a r y  c e l l  w i th  t h e  lumen f i l l e d  w i th  s i l i c a  (TEM). 
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b o rd e re d  p i t  w i th  s i l i c o n  (TEM). X12,800
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DISCUSSION
The p r e s e n t  a n a l y s i s  w i th  energy  d i s p e r s i v e  x - r a y  m ic r o ­
a n a l y s i s  shows c o n c l u s i v e l y  t h a t  s i l i c a  i s  p r e s e n t  as t h e  e lem en t  
s i l i c o n  in  t h e  l e a v e s  o f  M. g r a n d i f l o r a . T h i s  s t u d y  has f u r t h e r  
d e m o n s t r a t e d  t h a t  s i l i c a  o c c u r s  in  numerous l o c a t i o n s  in  t h e  l e a f  
i n c l u d i n g  t h e  e p i d e r m i s ,  v e in  s h e a t h  and v e i n l e t  t e r m i n i .
I t  has been s u g g e s t e d  t h a t  t h e  g r e a t e r  th e  amount o f  w a te r  
abso rbed  by a p l a n t ,  t h e  g r e a t e r  t h e  amount o f  s i l i c o n  d e p o s i t e d  
w i t h i n  t h e  t i s s u e  (L an n in g ,  Ponnaiya  and Crumpton, 1958) .  Jo n es  and 
Handreck (1967) s u g g e s t  t h a t  s i l i c o n  i s  t a k e n  up by t h e  p l a n t  th rough 
t h e  r o o t s  in  a p a s s i v e  n o n - s e l e c t i v e  manner i n  t h e  form of  m o n o s i l i c i c  
a c i d .  S t u d i e s  on t h e  s o l u t i o n  o f  s i l i c a  in  s o i l  (Beckwith  and Reeve,  
1963; 1964; J o n e s  and Handreck, 1967) i n d i c a t e  t h a t  s i l i c o n  in s o i l s  
i s  found e n t i r e l y  a s  m o n o s i l i c i c  a c i d  (SiO^) and t h a t  i t  o c c u r s  in  
c o n c e n t r a t i o n s  up t o  30-40  ppm. T h i s  f i g u r e  f o r  s i l i c i c  a c i d  v a r i e s  
g r e a t l y ,  however,  a c c o r d in g  t o  t h e  t y p e s  o f  s o i l s  s t u d i e d  and may 
a c t u a l l y  r a n g e  between 7 and 80 ppm o f  s i l i c o n .
The m o n o s i l i c i c  a c i d  c a r r i e d  to  t h e  summit o f  t h e  p l a n t  
th rough  t h e  t r a n s p i r a t i o n  s t ream  can  be found in  c o n c e n t r a t i o n s  h ig h e r  
than  in  t h e  s u r ro u n d in g  s o i l .  J o n e s  and Handreck (1965) r e p o r t e d  t h a t  
t h e  c o n c e n t r a t i o n s  of s i l i c i c  a c i d  in  t h e  xylem sap  a t  t h e  sh o o t  apex 
of Avena s a t i v a  exceeds  120 ppm and r a n g e s  as h igh  as 220 ppm o f  SiOg. 
When t h e  s i l i c i c  a c i d  r e a c h e s  t h e  s p e c i f i c  r e g i o n  o f  d e p o s i t i o n ,  
p o ly m e r i z a t io n  o c c u r s  t o  form s o l i d  s i l i c a  as t h e  a s s o c i a t e d  w ater  i s
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l o s t  by t r a n s p i r a t i o n .  T h i s  p o l y m e r i z a t i o n  p ro cess  i s  t h o u g h t  t o  be 
q u i t e  r a p i d  and t o  form an amorphous s i l i c a - g e l  (Kaufman, e t  a l  
1972) .  The s i l i c a  g e l ,  once s o l i d i f i e d ,  remains  immobile  and c a n n o t  
be  u t i l i z e d  f u r t h e r  by t h e  p l a n t  (Lewin and Reimann, 1969) .  Such 
amorphous s i l i c a  i s  p r e s e n t  in  t h e  l e a v e s  of M. g r a n d i f l o r a . The 
mechanism i s  unknown by which s i l i c a  a cc u m u la te s  in  p o t e n t i a l  s i l i c a  
c e l l s  w i th  su b se q u e n t  g e l  f o r m a t i o n  (Blackman and P a r r y ,  1968) .  
T r a n s p i r a t i o n  i s  c o n s i d e r e d  by many t o  be t h e  mechanisms by which t h e  
m o n o s i l i c i c  a c i d  i s  m o b i l i z e d  to  t h e  a r e a  o f  d e p o s i t i o n .  Kaufman, 
P e t e r i n g  and Smith (1970) r e p o r t  t h a t  in  t h o s e  c e l l s  d e s t i n e d  to  
become s i l i c i f i e d ,  an unknown l y t i c  p ro c e s s  t a k e s  p l a c e  which d e g ra d es  
membranes and o r g a n e l l e s .  During such a p r o c e s s ,  pH d rop  a s s o c i a t e d  
with t h e  c e l l u l a r  l y t i c  p r o c e s s e s  could  t r i g g e r  p o l y m e r i z a t i o n  o f  t h e  
m o n o s i l i c i c  a c i d .  C e l l  l y s i s  d u r in g  ' p h y t o l i t h  f o r m a t i o n  was not 
observed  in  M. g r a n d i f l o r a  because  s i l i c a  c o n t a i n i n g  c e l l s  a r e  w ide ly  
d i s p e r s e d  and no homogeneous s i  1i c i f i c a t i o n  p a t t e r n  cou ld  be 
r e c o g n i z e d .  Hence,  no p re sum pt ive  s i l i c a  c e l l  i n i t i a l s  co u ld  be 
i d e n t i f i e d  r e a d i l y .  Such o b s e r v a t i o n s  would be f a c i l i t a t e d  by working 
with a s p e c i e s  w i th  a s m a l l e r  lamina and a more p r e d i c t a b l e  a r ran g em en t  
o f  s i l i c i f i e d  c e l l s .
F a c t o r s  t h a t  i n f l u e n c e  t h e  p o ly m e r i z a t io n  o f  t h e  m o n o s i l i c i c  
a c id  i n c lu d e  c o n c e n t r a t i o n  ( o f  t h e  m o n o s i l i c i c  a c i d ) ,  t e m p e r a t u r e ,  and 
pH (Y osh ida ,  Ohnishi  and K i t a g i s h i ,  1962d) .  S a n g s t e r  (1977a) r e p o r t s  
t h a t  e x t e r n a l  s i l i c o n  c o n c e n t r a t i o n  may be a l i m i t i n g  f a c t o r  in 
p h y t o l i t h  p r o d u c t io n  even i f  a p l a n t  i s  d i s p o se d  t o  accum ula te  
p h y t o l i t h s .  The m o n o s i l i c i c  a c i d  must be a v a i l a b l e  f o r  u p ta k e  in to
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t h e  p l a n t .  Uptake of  m o n o s i l i c i c  a c i d  would be a f f e c t e d  by changes  
in  t e m p e r a t u r e ,  a s  h ig h e r  t e m p e r a t u r e s  n o t  o n ly  a l t e r  t h e  t r a n s p i r a t i o n  
r a t e  b u t  cou ld  change  t h e  s o l u b i l i t y  c h a r a c t e r i s t i c s  of  t h e  d i s s o l v e d  
m o n o s i l i c i c  a c i d ,  in  e i t h e r  i n s t a n c e  y i e l d i n g  a more p o s i t i v e  g r a d i e n t  
toward  s i l i c o n  d e p o s i t i o n .  I t  has been d e m o n s t ra ted  t h a t  a r e d u c t i o n  
o f  t h e  t r a n s p i r a t i o n  r a t e  i s  d i r e c t l y  r e l a t e d  to  a r e d u c t i o n  in  
p h y t o l i t h  fo r m a t io n  ( S a n g s t e r  and P a r r y ,  1971) .
Much of  t h e  l i t e r a t u r e  d e a l i n g  w i th  t h e  p a t t e r n  and mechanism 
o f  s i l i c i f i c a t i o n  in  h i g h e r  p l a n t s  has  been rev iewed  by Jo n es  and 
Handreck ( 1 9 6 7 ) .  These  workers  h y p o th e s i z e d  t h a t  in  t h o s e  p l a n t s  
having a low m o n o s i l i c i c  a c i d  c o n c e n t r a t i o n  in  t h e  a e r i a l  p o r t i o n ,  
some mechanisms must  e x i s t  f o r  t h e  e x c l u s i o n  o f  t h e  m a t e r i a l  from t h e  
t r a n s p o r t  s t r e a m .  T h i s  b a r r i e r  was th o u g h t  t o  r e s i d e  e i t h e r  in  t h e  
r o o t  or on t h e  e x t e r n a l  r o o t  s u r f a c e .  Many r e c e n t  w orkers  
(Montgomery and P a r r y ,  1979; Pa r ry  and Kelso ,  1975; S a n g s t e r  and 
P a r r y ,  1976a , 1976b, 1976c; S a n g s t e r ,  1977b, 1978a , 1978c) have 
d e m o n s t r a t ed  p e r i v a s c u l a r  d e p o s i t i o n  o f  s i l i c a  in r o o t s .  Tanton  and 
Crowdy (1972) conclude  t h a t  t h e  C as p a r i a n  s t r i p  a c t s  a s  a b a r r i e r  to  
a p o p l a s t i c  w a te r  t h a t  f o r c e s  a l l  w a te r  and s o l u t e s  t o  pass  th rough  
t h e  sy m p la s t  o f  t h e  endodermal c e l l s ,  p o s s i b l y  t o  l a t e r  r e v e r t  t o  t h e  
a p o p l a s t i c  pathway once i n s i d e  t h e  v a s c u l a r  c y l i n d e r .  T h u s ,  t h e  major 
r e g i o n  o f  s i l i c o n  d e p o s i t i o n  in t h o s e  p l a n t s  w i th  t h i s  t y p e  o f  b a r r i e r  
i s  t h e  endoderm is .  At t h e  endoderm is ,  s i l i c o n  i s  found e i t h e r  as an 
a g g r e g a t e  or  a s  s i l i c a  i n  t h e  i n n e r  t a n g e n t i a l  w a l l .  Work by P a r ry  
and Winslow (1977) on r o o t - s e v e r e d  Pi sum sa t ivum  d e m o n s t r a t e d  t h a t  t h e  
removal of  t h e  r o o t  promotes  t h e  a c c u m u la t io n  o f  s i l i c o n  in  l e a f
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t e n d r i l s  and ep iderm al  c e l l  w a l l s  near s to m a ta !  complexes  in  a p l a n t  
t h a t  does  n o t  a ccum ula te  s i l i c o n  n a t u r a l l y .  Th is  work d e m o n s t ra t ed  
t h a t  t h e  s i l i c o n  i s  n a t u r a l l y  exc luded  from t h e  t r a n s p i r a t i o n  s tream 
in  Pisurn a l t h o u g h , upon removal of  t h e  b a r r i e r ,  s i l i c i c  a c id  could be 
ta k e n  up and s u b se q u e n t ly  d e p o s i t e d .  Hence,  t h e  mechanism f o r  
s i l i c i f i c a t i o n  e x i s t s  even though t h e  p l a n t  n a t u r a l l y  e x c lu d e s  t h e  
m o n o s i l i c i c  a c i d .  S ince  s i l i c o n  i s  r e a d i l y  p r e s e n t  in M_. grand  i f !  o r a , 
no b a r r i e r  t o  t h e  e n t r y  o f  m o n o s i l i c i c  a c id  i s  l i k e l y  to  be p r e s e n t  
i n  t h e  r o o t s .
The mechanisms f o r  t r a n s l o c a t i o n  o f  m o n o s i l i c i c  a c i d  t h ro u g h o u t  
t h e  p l a n t  may be p a s s i v e  ( J o n e s  and Handreck , 1967).  Y o sh id a ,  O shnish i  
and K i t a g i s h i  (1962b) s t a t e  t h a t  t h e  s i l i c i f i c a t i o n  p r o c e s s  in r i c e  i s  
r e l a t e d  t o  t h e  t r a n s p i r a t i o n  r a t e ;  and t h a t  t h e  bundle  s h e a th  and 
sc le renchyma s e r v e  as  a pathway l i n k i n g  t h e  v a s c u l a r  bundle  with t h e  
e p i d e r m i s .  Water from t h e  xylem su p p l i e d  by v e in  e x t e n s i o n s  and 
t r a n s p o r t e d  t o  t h e  ep ide rm al  c e l l s  i s  r e p o r t e d  to  be l o s t  th rough  
c u t i c u l a r  t r a n s p i r a t i o n  (W ylie ,  1943, 1952; Armacost ,  1944) .  Such a 
pathway c a r r y i n g  t h e  m o n o s i l i c i c  a c id  in  M_. grand  i f !  ora co u ld  e x p l a i n  
t h e  s i l i c i f i c a t i o n  of t h e  e p i d e r m i s .  During on togeny  a l a y e r  o f  
c u t i c l e  fo rms on t h e  ep idermal  c e l l s .  At t im es  o f  i n t e n s i v e  
t r a n s p i r a t i o n  c u t i c u l a r  w a te r  l o s s  o c c u r s  w i th  t h e  r e s u l t i n g  fo r m a t i o n  
of a s i l i c i f i e d  l a y e r  e x t e r n a l  t o  t h e  c e l l  w a l l .  The c u t i c l e  forms 
c o n t i n u o u s l y  on t h e  s u r f a c e  of  t h e  l e a f  and a s  more c u t i c l e  i s  fo rm ed,  
s i l i c o n  and o ld  c u t i c l e  a r e  pushed outward .  F u r t h e r  c u t i c u l a r  
t r a n s p i r a t i o n  r e s u l t s  in  t h e  f o r m a t i o n  of a second l a y e r  o f  s i l i c a
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w i t h i n  t h e  f i r s t  l a y e r .  I t  i s  p o s s i b l e  t h a t  t h e  i n d i v i d u a l  
p o l y m e r i z a t i o n  of  t h e  l a y e r s  of  s i l i c o n  r e d u c e s  t r a n s p i r a t i o n  r a t e .
A p a s s i v e  n o n -m e ta b o l i c  mechanism f o r  t r a n s p o r t ,  i n f l u x  and 
p o l y m e r i z a t i o n  of s i l i c i c  a c i d  was r e p o r t e d  by S a n g s t e r  and P a r r y  
(1971) in S i e g l i n g i a  decumbens. In t h i s  s p e c i e s ,  a r e d u c t i o n  of  
t r a n s p i r a t i o n  su p p re s sed  p h y t o l i t h  f o r m a t i o n .  J o n e s  and Handreck 
(1 967) c o n s i d e r  t h e  non-un i fo rm  d i s t r i b u t i o n  o f  s i l i c o n  in  p l a n t s  t o  
be e v id en c e  t h a t  t h e  s i l i c o n  i s  c a r r i e d  p a s s i v e l y  i n  t h e  t r a n s p i r a t i o n  
s t r e a m .  Non-uniform d i s t r i b u t i o n  o f  s i l i c a  o ccu r s  in M. grand  i f ! o r a .
Not a l l  w orke rs  c o n s i d e r  t h e  u p t a k e  o f  s i l i c o n  t o  be a p a s s i v e  
p r o c e s s .  Barber  and Shone (1966) found t h a t  in  Hordeum and Pi sum 
t h e  s i l i c o n  and t h e  m e t a b o l i c  n u t r i e n t s  a r e  abso rbed  in d e p e n d e n t ly  of 
. t h e  t r a n s p i r a t i o n  r a t e  and t h e i r  a b s o r p t i o n  i s  a f f e c t e d  by t e m p e r a t u r e  
and m e ta b o l i c  i n h i b i t o r s .  In b a r l e y ,  Hayward and P a r ry  (1973) 
propose  t h a t  a c t i v e  c e l l u l a r  c o n t r o l  i s  e x e r c i s e d  over t h e  p ro c e ss  of 
s i l i c i f i c a t i o n .  Such an a c t i v e  s i l i c i f i c a t i o n  mechanism has  been 
well  documented f o r  f r u s t u l e  f o r m a t i o n  in  d ia tom s  (S toermer  e t  a l . ,  
1965) and sane  h ig h e r  p l a n t s  (T h u r s to n ,  1974) .  T h u r s to n  (1974) 
r e p o r t s  t h a t  in t h e  p r o c e s s  o f  s i l i c o n  d e p o s i t i o n  in t h e  s t i n g i n g  
h a i r s  of U r t i c a  t h e  s i l i c a  may have i t s  o r i g i n  in  t h e  endoplasmic  
r e t i c u l u m - g o l g i  complex.
S i l i c o n  d e f i c i e n c y  has been shown t o  b r in g  ab o u t  a marked 
i n c r e a s e  in  t h e  t r a n s p i r a t i o n  r a t e  in  r i c e  (Y o sh id a ,  Oshnish i  and 
K i t a g i s h i ,  1962b).  Yoshida,  Oshn ish i  and K i t a g i s h i  (1962c) r e p o r t s  
t h a t  c u t i c u l a r  t r a n s p i r a t i o n  i s  reduced  by t h e  p re s e n c e  of  s i l i c o n
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i n  t h e  e p i d e r m i s .  S i l i c o n  i s  p r e s e n t  in  bo th  t h e  a d a x i a l  and 
a b a x ia l  e p id e r m is  of  ML g r a n d i f l o r a ;  t h e r e f o r e  w a te r  l o s s  may be 
d e c r e a s e d  in  t h i s  s p e c i e s  by t h e s e  s i l i c e o u s  l a y e r s .  S i l i c i f i c a t i o n  
in  M_. g rand  i f !  o ra  may be a d i r e c t  r e s u l t  o f  t r a n s p i r a t i o n .  I t  i s  
l i k e l y  t h a t  t h i s  s p e c i e s  does  n o t  p o s s e s s  an e x c l u s i o n  mechanism a t  
t h e  r o o t  t o  i n h i b i t  t h e  u p t a k e  of  m o n o s i l i c i c  a c i d  as found in  Pi sum 
( P a r r y  and Winslow, 1977) .  Over a growing s e a s o n ,  a l a r g e  amount of 
m o n o s i l i c i c  a c i d  e n t e r s  t h e  r o o t  and i s  t r a n s p o r t e d  th r o u g h o u t  t h e  
p l a n t .  The l e a f  i s  t h e  f i n a l  l i n k  in  t h e  t r a n s p i r a t i o n  s t r e a m ,  and 
when s u f f i c i e n t  w a te r  i s  l o s t  from t h e  m o n o s i l i c i c  a c i d  or when 
c e l l u l a r  l y s i s  occurs  (Kaufman e t  a l_ . , 1 9 7 0 ) ,  t h e  s i l i c a  i s  s o l i d i f i e d  
and a p h y t o l i t h  i s  fo rm ed.  T h i s  cou ld  e x p l a i n  t h e  f o r m a t i o n  o f  
p h y t o l i t h s  in  "dead-end"  c e l l s  such a s  t e r m i n a l  t r a c h e i d s  and guard  
c e l l s  which a t  m a t u r i t y  l a c k  p iasmodesmata l  c o n n e c t io n s  t o  a d j a c e n t  
ep iderm al  c e l l s .  S c u r f i e l d ,  S e g n i t  and Anderson (1974a) c o n s i d e r  t h a t  
in  c e l l s  where w a te r  i s  s t i l l e d  or  under  s t a t i c  c o n d i t i o n s  p o l y n e r i -  
z a t i o n  i s  f a c i l i t a t e d .  Once t h e  m o n o s i l i c i c  a c i d  i s  s o l i d i f i e d  i t  
c a n n o t  pass  back th ro u g h  t h e  plasmodesmata in  t h e  p a r t i c u l a t e  c o n d i t i o n .
Other  p o s s i b i l i t i e s  f o r  t h e  f u n c t i o n  of t h e  s i l i c i f i c a t i o n  in 
M. g r a n d i f l o r a  i n c lu d e :  s t r e n g t h e n i n g  o f  t h e  l e a f  and pathogen
r e s i s t a n c e .  S i l i c o n  is  p r e s e n t  in  s e v e r a l  a r e a s  o f  t h e  l e a f  t h a t  a r e  
in v o lv e d ,  a t  l e a s t ,  in  some way w i th  s u p p o r t .  Although t h i s  l e a f  has 
an e x t e n s i v e  f i b r o u s  band su r ro u n d in g  t h e  l e a f  m a rg in ,  added s u p p o r t  
co u ld  be p rov ided  by v e in  s h e a t h  and ep iderm al  s i l i c i f i c a t i o n .  Such 
s u p p o r t  co u ld  a l s o  be b e n e f i c i a l  d u r in g  d ro u g h t  a s  l o s s  of  c e l l u l a r  
t u r g o r  would n o t  c a u s e  l e a f  w i l t i n g  o r  c o l l a p s e .
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The p re sen c e  o f  s i l i c a  in t h e  e p id e r m is  o f  p l a n t s  i s  a 
common o c c u r r e n c e  (Y o sh id a ,  Oshnish i  and K i t a g i s h i ,  1962b) .  Yoshida,  
O shnish i  and K i t a g i s h i  (1962c)  r e f e r  t o  t h i s  complex a s  a " s i l i c a -  
c e l l u l o s e "  membrane a l l o w i n g  t h e  p l a n t  t o  become more r e s i s t a n t  to  
d i s e a s e  from c u t i c u l a r  p a th o g e n s .  The M. g rand  i f !  o ra  l e a v e s  which 
a r e  e v e r g r e e n  a r e  more p rone  t o  h e r b i v o r e  damage than  d ec id u o u s  
l e a v e s  due  t o  t h e i r  lo n g e r  l i f e .  Epidermal s i l i c i f i c a t i o n  may h e lp  
t o  make t h e s e  e v e r g r e e n  l e a v e s  u n p a l a t a b l e  to  h e r v i v o r e s  and i n s e c t s .
SUMMARY
The " g l i s t e n i n g "  b o d ie s  o b se rv ed  a t  t h e  f o l i a r  v e i n l e t  
t e r m i n i ,  e p id e r m is  and v e in  s h e a th  in  Magnolia  g r a n d i f ! o r a  L. have 
been i d e n t i f i e d  as c o n t a i n i n g  s i l i c a .  The s i l i c a  was s t u d i e d  with  
th e  l i g h t  m ic ro s c o p e ,  t h e  s c a n n in g  e l e c t r o n  m ic roscope  and energy  
d i s p e r s i v e  x - r a y  m ic ro p ro b e  a n a l y s i s  as i s o l a t e d  p a r t i c l e s  
( p h y t o l i t h s )  and in  s e c t i o n e d  l e a v e s .
The s i l i c a  i s  amorphous and i s  composed o f  s p h e r i c a l  s i l i c a  
b o d ie s  35-65 nm in  s i z e  which form in  t h e  lumen o f  t e rm in a l  
t r a c h e i d s ,  ve in  s h e a th  c e l l s ,  ep iderm al  c e l l s  and guard  c e l l s .  
S i l i c a  i s  a l s o  found e x t e r i o r  to  t h e  c e l l  wal l  o f  ep ide rm al  c e l l s  
and in  t h e  c u t i c l e .  In t h e  l e a f ,  s i l i c a  d e p o s i t i o n  may f u n c t i o n  in  
s t r e n g t h e n i n g  o f  t h e  l e a f ,  r e d u c t i o n  o f  t r a n s p i r a t i o n ,  removal o f  
unwanted w a s te  m a t e r i a l  and pathogen r e s i s t a n c e .
I l l
PART IV
THE ONTOGENY AND ULTRASTRUCTURE OF SECRETORY 
OIL CELLS IN MAGNOLIA GRANDIFLORA L.
INTRODUCTION
Oil c e l l s  a r e  a t y p e  of s e c r e t o r y  c e l l  i n t o  which o i l  i s  
s e c r e t e d  d u r in g  development ( E sa u ,  1965) .  Oil c e l l s  a r e  found in 
members of a t  l e a s t  20 woody R a n a l i a n  p l a n t  f a m i l i e s  i n c lu d in g  t h e  
M agnol iaceae  ( M e tca l f e  and C ha lk ,  1950) .  T h e i r  p r e sen ce  in t h e s e  
f a m i l i e s  i s  th o u g h t  t o  s u p p o r t  t h e  p r i m i t i v e  p o s i t i o n  of t h e  f a m i l i e s  
(Swamy and B a i l e y ,  1949; Eames,  1961; C r o n q u i s t ,  1968).  Many d e t a i l s  
c o n ce rn in g  t h e  ontogeny of  o i l  c e l l s  a r e  u n r e s o l v e d ,  and c e r t a i n  
c y t o l o g i c a l  a sp e c t s  in  p a r t i c u l a r  remain  p r o b l e m a t i c a l .
West (1963, 1969) s t u d i e d  t h e  ontogeny of o i l  c e l l s  in 46 
woody R an a l i a n  s p e c i e s  and found a d i v e r i s t y  in  th e  deve lopm enta l  
anatomy of t h e s e  i d i o b l a s t s .  Lehmann (1925) and Z i e g l e r  (1960) 
s tu d i e d  t h e  p e c u l i a r  m a tu re  s t r u c t u r e  o f  o i l  c e l l s  in  H ou t tuyn ia  
c o r d a t a  b u t  d id  no t  s tu d y  t h e i r  deve lopm en t .  G i f f o r d  (1951) r e p o r t e d  
t h e  p r e s e n c e  o f  o i l  c e l l s  in  Drim.ys w i n t e r i  v a r .  c h i l e n s i s  b u t  no 
o n t o g e n e t i c  ev id en ce  was p r e s e n t e d .  Tucker  (1976) s t u d i e d  th e  
ontogeny o f  o i l  c e l l s  in S a u ru ru s  c e r n u u s , and Maron and Fahn (1979) 
d e s c r i b e d  t h e  u l t r a s t r u c t u r e  and development o f  o i l  c e l l s  in Laurus  
n o b i l i s .
Magnolia  g r a n d i f l o r a  L. i s  a l a r g e  e v e r g r e e n  t r e e  n a t i v e  to  
t h e  s o u t h e a s t e r n  U ni ted  S t a t e s  and i s  w ide ly  c u l t i v a t e d  t h r o u g h o u t
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t h e  w o r ld .  The p re sen c e  o f  o i l  c e l l s  in  M_. g r a n d i f ! o r a  was r e p o r t e d  
by M e t c a l f e  and Chalk ( 1 9 5 0 ) ,  and o i l  c e l l  development  was d e s c r i b e d  
by West (1 9639 1969).
S i g n i f i c a n t  f e a t u r e s  o f  R an a l i a n  s e c r e t o r y  o i l  c e l l s  a r e  
t h a t  t h e y  a r e  i d i o b l a s t s ,  c o n t a i n  e t h e r e a l  o i l  and have an o i l  sac  
a t t a c h e d  t o  t h e  c e l l  w a l l  by a c e l l u l o s i c  peg or c u p u l e .  These  c e l l s  
a r e  r e p o r t e d  to undergo  ly s i g e n e o u s  developm ent  (West,  1963; 1969) 
and to  have a t r i p a r t i t e  c e l l  wal l  (Maron and Fahn, 1979).  A 
t r i p a r t i t e  wal l  i n c lu d in g  a m id d le  s u b e r i n  l a y e r ,  seen  by Maron and 
Fahn in  Laurus  n o b i l i s  ( 1 9 7 9 ) ,  i s  an im p o r t a n t  c h a r a c t e r i s t i c  of 
sane  o i l  c e l l s  which should  be looked f o r  in  Magnolia grand i f l o r a  
and o t h e r  p l a n t s  t o  t e s t  w h e th e r  i t  i s  a u n i v e r s a l  f e a t u r e  of  o i l  
c e l l s .  Maron and Fahn (1979)  d e m o n s t r a t ed  t h e  p re sen c e  o f  a c u p u le  
in  Laurus  n o b i l i s  u s in g  t r a n s m i s s i o n  e l e c t r o n  m ic roscopy .  S in ce  t h e  
p re s e n c e  o f  a c u p u l e  has  a l s o  become a d i a g n o s t i c  f e a t u r e  in R a n a l i a n  
o i l  c e l l s ,  f u r t h e r  e x a m in a t io n  o f  t h e  c e l l s  of  Magnolia  g r a n d i f ! o r a  
was w a r ra n te d  u s ing  t h e  t e c h n i q u e s  of  scann ing  and t r a n s m i s s i o n  
e l e c t r o n  m ic roscopy  to  supplem ent  t h e  l i g h t - m i c r o s c o p i c  e v id e n c e .
MATERIALS AND METHODS
The v e g e t a t i v e  buds and l e a v e s  o f  Magnolia  g r a n d i f ! o r a  L. 
used in  t h i s  s tu d y  r e p r e s e n t  c o l l e c t i o n s  ta k en  over  a f i v e - y e a r  
p e r io d  from v i g o r o u s l y  growing t r e e s  on t h e  campus of  Lou i s ian a  
S t a t e  U n i v e r s i t y .
The p ro c e d u re s  f o r  t h e  p r e p a r a t i o n  o f  spec imens f o r  l i g h t  
m ic roscopy  t r a n s m i s s i o n  and s cann ing  e l e c t r o n  m icroscopy  a r e  
e s s e n t i a l l y  t h e  same as  t h o s e  used in  e a r l i e r  p o r t i o n s  o f  t h i s  work.
To t e s t  f o r  t h e  p r e s e n c e  o f  s u b e r i n  r e p o r t e d  in  some o i l  
c e l l s ,  s e c t i o n s  o f  l i v i n g  l e a v e s  were  c u t  w i th  a c r y o s t a t ,  p laced  on 
s l i d e s  and s t a i n e d  w i th  Sudan IV in  70% a l c o h o l  ( J o h a n se n ,  1940) .  
Feu lgen  s t a i n i n g  was a l s o  a t t e m p t e d  upon p a r a f f i n  embedded and 
s e c t i o n e d  m a t e r i a l  to  check  f o r  t h e  p re s e n c e  of s u b e r in  ( Jo h a n se n ,  
1940; M argo!ena ,  1932).
Oil c e l l s  were p r e p a re d  f o r  scann ing  e l e c t r o n  m icroscopy
fo l l o w i n g  f r e e z e  f r a c t u r e .  The f r e s h  m a t e r i a l  was f i x e d  in  10%
para fo rm a ldehyde  in  p h o sp h a te  b u f f e r  (pH 7 . 3 ) ,  c u t  w i th  a c l e a n e d
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r a z o r  b la d e  i n t o  20-mm p i e c e s  and plunged i n t o  l i q u i d  n i t r o g e n  
( -1 9 6 °C ) .  The specimens were  f r a c t u r e d  under  l i q u i d  n i t r o g e n  w i th  
a c o o le d  r a z o r  b l a d e ,  thawed in f i x a t i v e ,  washed, d e h y d ra ted  th rough  
an a c e t o n e  s e r i e s ,  c r i t i c a l - p o i n t  d r i e d ,  mounted and c o a t e d .  F ixed  
l e a f  p i e c e s  were a l s o  embedded in C r y o q u i c k ® ,  f r o z e n  and 
p a r a d e r m a l ly  s e c t i o n e d  w i th  a c o o le d  r a z o r  b l a d e  or  cryomicro tome 
and p ro cessed  f o r  SEM. F re sh  m a t e r i a l  was s i m i l a r l y  p ro c e s s ed  bu t
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r e s u l t s  were no t  a s  good as  t h o s e  from p r e - f i x e d  s am p les .  P repa red  
specimens  were viewed on a H i t a c h i  S-500 scann ing  e l e c t r o n  m ic ro sco p e  
a t  25 KeV.
OBSERVATIONS
S e c r e t o r y  o i l  c e l l s  occur  in  t h e  mesophyl l  of  l e a v e s  o f  
Magnol ia  g r a n d i f l o r a  ( F i g .  90) and a r e  found nea r  t h e  c e n t e r  of  each 
o f  t h e  a r e o l a e  o f  t h e  l e a f  ( F i g .  9 1 ) .  The i n i t i a l s  o f  s e c r e t o r y  o i l  
c e l l s  a r e  f i r s t  r e c o g n i z a b l e  in  t h e  ground m er is tem  when t h e  l e a f  
b l a d e  i s  a p p r o x im a te ly  35 mm in  l e n g t h  and undergo ing  a n t i c l i n a l  
e xpans ion  ( F i g .  9 2 ) .  An a n t i c l i n a l  d i v i s i o n  ( F i g .  93) r e s u l t s  in  an 
o i l  c e l l  i n i t i a l  (OCI) and a s i s t e r  c e l l  (SC).  The c e l l  undergo ing
t h e  i n i t i a l  a n t i c l i n a l  d i v i s i o n  can be d i s t i n g u i s h e d  from o t h e r
ground m er is tem  c e l l s  by i t s  l a r g e r  s i z e ,  lower l e v e l  of  v a c u o l a t i o n ,  
fewer  s t a r c h  g r a i n s  and l a c k  o f  o s m i o p h i l i c  b o d ie s  ( F i g .  9 2 ) .
A d ja c e n t  ground m er is tem  c e l l s  have c e n t r a l l y  p o s i t i o n e d  n u c l e i  
su r rounded  by l a r g e r  and more numerous v a c u o l e s .  The d e g r e e  of 
v a c u o l a t i o n  and s t a r c h  a c c u m u la t io n  in  t h e  a d j a c e n t  c e l l s  i s  
c o n s i d e r a b l y  more pronounced th a n  in  t h e  OCI or  SC.
The OCI e n l a r g e s  g r e a t l y  r e l a t i v e  to  su r ro u n d in g  c e l l s .  The 
SC may undergo e n la r g em e n t  f o r  a s h o r t  p e r io d  of  t im e  ( F i g .  94) or 
may d i v i d e  ( F i g .  9 5 ) .  The OCI soon e n l a r g e s  much more than  t h e  SC
and expands i n to  o t h e r  i n t e r n a l  c e l l  l a y e r s .  Sur round ing  c e l l s  o f
t h e  l a y e r  h o s t i n g  t h e  OCI i n i t i a t i o n  and o v e r ly in g  and u n d e r ly in g  
l a y e r s  become l o c a l l y  d i s t o r t e d  in  shape  by t h e  e xpans ion  of t h e  o i l  
c e l l .  A n t i c l i n a l  e xpans ion  of  t h e  o i l  c e l l  ( F i g .  95) c o n t i n u e s  w i th  
t h e  c o a l e s c e n c e  o f  v a c u o le s  ( F ig .  9 6 ) ;  u l t i m a t e l y  a l a r g e  c e n t r a l  
v a c u o le  i s  formed w i th  t h e  n u c leu s  a p p re s sed  to  t h e  w a l l  ( F i g .  9 7 ) .
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The OCI and t h e  SC appear  n e a r l y  equal in  d im ens ions  in  
paradermal  s e c t i o n  f o l l o w i n g  i n i t i a t i o n  ( F i g .  9 2 ) .  The d i f f e r e n c e s  
between t h e  two c e l l s  becomes e v i d e n t  d u r in g  t h e  e a r l y  expans ion  
phase  a s  t h e  SC s t a i n s  d a r k e r  w i th  m e thy lene  b l u e / b o r a x  th a n  t h e  OCI 
( F i g .  9 8 ) .  N e i t h e r  t h e  OCI nor t h e  SC ap p ea r  t o  undergo any  f u r t h e r  
a n t i c l i n a l  d i v i s i o n  ( F i g .  9 9 ) .  Fol lowing  f u r t h e r  expans ion  and 
v a c u o le  c o a l e s c e n c e  ( F i g .  100, 101) t h e  o i l  c e l l s  becomes much l a r g e r  
th a n  t h e  SC ( F i g .  1 0 1 ) .  C e l l s  su r ro u n d in g  t h e  OC undergo  d i v i s i o n  
w i th  most new w a l l s  p a r a l l e l  t o  t h e  OC s u r f a c e  ( F i g .  100,  103) .  
D i f f e r e n t i a t i o n  in t h e  OC b eg in s  w h i l e  t h e  su r ro u n d in g  c e l l s  a r e  
s t i l l  m e r i s t e r n a t i c .
The prom inen t  n u c le u s  i s  r e t a i n e d  by t h e  o i l  c e l l  u n t i l  l a t e  
in ontogeny ( F i g .  10 2 ) .  When t h e  o i l  c e l l  r e a c h e s  i t s  maximum s i z e  
t h e  n u c leu s  d i s i n t e g r a t e s  ( F i g .  1 0 4 ) .  Fol lowing  n u c l e a r  d i s i n t e g r a t i o n  
t h e  cy top lasm  becomes d i s o r g a n i z e d  and a p p e a r s  a l v e o l a r  ( F i g .  1 0 4 ) .
At t h i s  s t a g e  t h e  o i l  c e l l  a p p e a r s  as  a l a r g e  g lo b o s e  v a c u o l a t e  c e l l  
in  t h e  s t i l l  immature mesophyl l  o f  t h e  l e a f  ( F i g .  105).
Enlargement  o f  t h e  o i l  c e l l  c o n t in u e s  u n t i l  t h e  l e a f  has 
comple ted  i n t e r c e l l u l a r  space  f o r m a t i o n  ( F i g .  106) .  At t h i s  s t a g e  
t h e  o i l  c e l l  a p p e a r s  l e s s  t u r g i d  o r  more s e n s i t i v e  t o  p r o c e s s i n g  so 
t h a t  t h e  w a l l  i s  somewhat c o l l a p s e d  ( F i g .  107) .  From an  i n i t i a l  
d i a m e te r  o f  a b o u t  6 urn t h e  s e c r e t o r y  c e l l  expands t o  a m a tu re  maximum 
d i a m e t e r  o f  a p p ro x im a te ly  47 ym.
The o i l  d r o p l e t  c o n t a i n e d  in t h e  o i l  c e l l  s t a i n e d  b r i g h t  red  
w i th  Sudan IV. B u t ,  no s u b e r i z a t i o n  o f  t h e  o i l  c e l l  was d e t e c t e d  in  
t h e  l e a v e s  o f  M. g r a n d i f l o r a , when s t a i n e d  w i th  e i t h e r  Sudan IV or
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t h e  Feu lgen  s t a i n .  S u b e r in  was r e p o r t e d  to  be p r e s e n t  in t h e  wal l  o f  
o i l  c e l l s  of H o u t tu y n ia  c o r d a t a  (Lehmann, 1925; Z i e g l e r ,  1960) and 
i n  Laurus  n o b i l i s  (Maron and Fahn ,  1979).
Wall pegs (W est ,  1963; 1969) or  c u p u le s  (Maron and Fahn, 1979) 
s u p p o r t i n g  t h e  o i l  sac  were  no t  seen in  t h e  o i l  c e l l s  o f  M. 
g r a n d i f ! o r a . Such pegs have been r e p o r t e d  in  H ou t tuyn ia  c o r d a t a  
(Lehmann, 1925) and Laurus  n o b i l i s  (Maron and Fahn, 1979) .
The o i l  s ac  w i t h i n  t h e  c e n t r a l  v acu o le  e n l a r g e s  i n  s i z e  a s  
t h e  c e l l  expands u n t i l  i t  o c cu p ie s  most of t h e  c e l l  lumen ( F i g .  1 0 3 ) .  
V a c u o la te  cy top la sm  i s  d i s t r i b u t e d  around t h e  p e r i p h e r y  o f  t h e  c e l l .
An u n u s u a l l y  l a r g e  n u c l e u s  p e r s i s t s  in  t h e  o i l  c e l l  u n t i l  m a t u r i t y  and 
then  d i s i n t e g r a t e s .  The o i l  d r o p l e t  i s  t h e n  su r rounded  by a t o n o p l a s t  
and t h e  remnant e n u c l e a t e d  c y to p la sm .  At t h i s  s t a g e ,  t h e  cy toplasm 
may s t a i n  more d e n s e l y  w i th  m ethy lene  b lu e  ( F i g .  107) .
U l t r a s t r u c t u r a l  i d e n t i f i c a t i o n  of  OC p r e c u r s e r s  i s  based upon 
a l a c k  o f  s t a r c h - c o n t a i n i n g  o r g a n e l l e s  and o s m io p h i l i c  bod ies  and 
fewer  o r  s m a l l e r  v a cu o le s  ( F i g .  1 0 8 ) .  C e l l s  no t  d e s t i n e d  to  become 
mesophyl l  c e l l s  ( F i g .  109) commonly a r e  more h i g h l y  v a c u o l a t e  and have 
numerous l e u c o p l a s t s  c o n t a i n i n g  many s t a r c h  g r a i n s  ( F i g .  109, 110 ) .  
O sm ioph i l ic  bod ie s  in  t h e  v a c u o le s  a r e  a l s o  p rom inen t .
In e a r l y  ex p an s io n  s t a g e s ,  t h e  OCI becomes h ig h ly  v a c u o l a t e  
w i th  t h e  cy top lasm  be ing  p r e s s e d  t o  t h e  p e r i p h e r y  by t h e  d e v e lo p in g  
o i l  sac in  t h e  v a c u o le  ( F i g .  11 1 ) .  A l a r g e  nuc leus  w i th  one or more 
n u c l e o l i  i s  p r e s e n t  ( F i g .  1 1 2 ) .  Endoplasmic r e t i c u l u m ,  m i to c h o n d r ia  
and p l a s t i d s  a r e  p r e s e n t  i n  t h e  p e r i p h e r a l  cy top lasm ( F i g .  113 ) .  The
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v a c u o le  i s  bounded by a s i n g l e  membrane. The o i l  c o n t a i n e d  w i t h i n  
t h e  t o n o p l a s t  i s  removed by p r o c e s s i n g  and i s  a b s e n t  in  t h e  f i n a l  
p r e p a r a t i o n .
The most s t r i k i n g  f e a t u r e  of t h e  o i l  c e l l s ,  b e s i d e s  absence  
of  o s m i o p h i l i c  b o d i e s ,  i s  t h e  c o n t r a s t  between t h e  p l a s t i d s  o f  t h e  
o i l  c e l l  and t h o s e  of  a d j a c e n t  mesophyl l  c e l l s  ( F i g .  1 1 4 ) .  The o i l  
c e l l  p l a s t i d s  a r e  s i m i l a r  i n  a p p e a ra n c e  to  t h e  p r o p l a s t i d s  o f  s h o o t  
a p i c e s  o f  Bryoph.yllum and Kalanchoe  d e s c r i b e d  by G i f f o r d  and S t e w a r t  
(1 9 6 8 ) .  The o i l  c e l l  p l a s t i d s  have l a r g e  membrane-bound i n c l u s i o n s  
c o n t a i n i n g  l i p i d - l i k e  m a t e r i a l  and have few i n t e r n a l  membranes ( F i g .  
114 ) .  A d ja c e n t  mesophyl l  c e l l  c h l o r o p l a s t s  in  c o n t r a s t  e x h i b i t  a 
t y p i c a l  t h y l a k i o d  system ( F i g .  1 1 4 ) .  The i n c l u s i o n s  in  t h e  o i l - c e l l  
p l a s t i d s  a r e  ovoid  o r  s p h e r i c a l  in  shape  and a r e  u n i f o r m ly  e l e c t r o n  
d e n s e .  The su r ro u n d in g  membrane i s  o f t e n  v i s i b l e  b u t  o c c a s i o n a l l y  
i s  l o s t  in  g l a n c i n g  s e c t i o n s .  Dense ly  s t a i n i n g  m a t e r i a l  s i m i l a r  t o  
p h y t o f e r r i t i n  ( G i f f o r d  and S t e w a r t ,  1968) may a l s o  be p r e s e n t  a long  
w ith  o c c a s io n a l  s t a r c h  g r a i n s  (F ig .  11 5 ) .
Mature o i l  c e l l s  e x h i b i t  a more e l e c t r o n  d en se  cy top lasm  
t h a n  e a r l i e r  s t a g e s  ( F i g .  116 ) .  The cy top la sm  a p p ea rs  h ig h ly  a l v e o l a r  
( F ig .  117) ,  pe rhaps  due to  t h e  breakdown o f  t h e  nuc leus  and c y t o ­
p lasm ic  o r g a n e l l e s .  Both t h e  plasmalemma and t o n o p l a s t  membranes 
a p p e a r  i n d i s t i n c t  e i t h e r  due to  t h e i r  breakdown or  l a c k  of  d i f f e r e n t i a l  
s t a i n a b i l i t y  ( F i g .  116) .
The o i l  c e l l s  of  M. g r a n d i f l o r a  have o n ly  a s i n g l e  p r im ary  
w a l l  l a y e r  t h r o u g h o u t  d eve lopm en t .  F ig u r e  118 d e m o n s t r a t e s  t h e  
n a t u r e  o f  t h e  wall  on an immature o i l  c e l l  and F i g .  119 shows t h e
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wall  o f  a m a tu re  o i l  c e l l ;  in  bo th  i n s t a n c e s ,  on ly  a p r im ary  wall  
i s  p r e s e n t .  F u r t h e r ,  no i n t e r n a l  s u b e r i n  l a y e r  such as t h a t  
o bse rved  i n  Laurus  (Maron and Fahn,  1979) or in  Acorus  ( W a t t e n d o r f ,  
1974) was found e i t h e r  in  e a r l y  or l a t e  s t a g e s  of M. g r a n d i f ! o r a . 
S i m i l a r l y ,  no t e r t i a r y  wal l  s u p p o r t i n g  t h e  cu p u le  was o b se rv ed  in 
t h e  o i l  c e l l  o f  M_. g r a n d i f  l o r a .
The o i l  c e l l s  o f  M. g r a n d i f l o r a  d ev e lo p  by e xpans ion  o f  a 
s i n g l e  i n i t i a l ,  and no l y s i g e n y  was observed  t o  occur  in  t h i s  o r  
s u r ro u n d in g  c e l l s  d u r in g  o n to g e n y .  Th is  work cannot  s u p p o r t  t h e  
e a r l i e r  r e p o r t  of  ly s ig e n e o u s  o i l  c e l l  development in  t h i s  s p e c i e s  
by West (1963, 1969).
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DISCUSSION
S e c r e t o r y  o i l  c e l l s  a r e  common in  a t  l e a s t  20 woody R an a l i a n  
p l a n t  f a m i l i e s  ( M e tc a l f e  and C ha lk ,  1950) .  These  i d i o b l a s t i c  c e l l s  
a r e  d e s c r i b e d  by Maron and Fahn (1979) as p o s se s s in g  w al l  p r o ­
t u b e r a n c e s  ( c u p u le s )  and a s  having a t r i p a r t i t e  w a l l ,  t h e  m idd le  
component o f  which i s  s u b e r i n .  The p r e s e n t  s tu d y  r e f u t e s  t h e  
c o n t e n t i o n s  t h a t  o i l  c e l l s  o f  Magnolia grand i f ! o r a  L. undergo 
l y s i g e n e o u s  d eve lopm en t ,  t h a t  t h e y  have a t r i p a r t i t e  s u b e r i z e d  c e l l  
w a l l ,  and t h a t  a cu p u le  i s  p r e s e n t  a t t a c h i n g  t h e  o i l  sac t o  t h e  w a l l .
Oil  c e l l s  in  t h e  l e a v e s  of M. g r a n d i f l o r a  a r e  formed by 
c e l l u l a r  ex p an s io n  of  a s i n g l e  i n i t i a l  c e l l ;  th e  r e s u l t a n t  o i l  c e l l  
does  no t  r e s u l t  from c e l l  l y s i s .  West (1963 ,  1969) r e p o r t e d  t h a t  o i l  
c e l l s  o f  M_. g r a n d i f l o r a  and M. t r i p e t a l a  were formed by t h e  breakdown 
o f  s e v e r a l  a d j a c e n t  parenchyma c e l l s ;  t h e  w a l l s ,  cy top la sm  and n u c le i  
were s a id  t o  be d i s p e r s e d  i n t o  t h e  i n t e r i o r  o f  t h e  d e v e lo p in g  o i l  
c a v i t y .  Lysigeny was a l s o  r e p o r t e d  t o  occur  in  o i l  c e l l s  of 
L i r io d e n d ro n  t u l i p i f e r a  ( M i l l i n g t o n  and Gunckel ,  1950) .
S u b e r in ,  a s u b s t a n c e  found w id e ly  in p l a n t s ,  commonly l i n e s  
t h e  i n t e r c e l l u l a r  space s  o f  P e r s e a  ( S c o t t ,  Bystrom and Bowler,  1963) ,  
C i t r u s  ( S c o t t ,  Schroede r  and T u r r e l l ,  19 4 8 ) ,  Cerc id ium ( S c o t t ,
Bystrcm and Bowler,  1962) ,  and numerous o t h e r  s p e c i e s  ( S c o t t  and 
Lewis,  1953 and S c o t t ,  1950).  S u b e r i z a t i o n  i s  a l s o  a wound r e s p o n s e  
in  p l a n t s  and i s  a s s o c i a t e d  w i th  t h e  f o r m a t i o n  of i n t e r c e l l u l a r  
s p aces  d u r in g  l e a f  e xpans ion  ( S c o t t ,  Bystrom and Bowler,  1963) .
1 4 3
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I n t e r c e l l u l a r  s u b e r i z a t i o n  may be r e g a rd ed  as a c e l l u l a r  r e s p o n se  
t o  p r o t o p l a s t  wounding ( S c o t t ,  Bystrom and Bowler ,  1963).
Su b e r in  was n o t  found t o  be a component o f  t h e  wall  o f  t h e  
o i l  c e l l  o f  M. g r a n d i f l o r a  in  t h e  c u r r e n t  work.  West (1963 ,  1969) 
r e p o r t e d  t h a t  s u b e r i n  l i n e d  t h e  l y s ig e n e o u s  o i l  " c a v i t y "  in  both  
M. g r a n d i f l o r a  and M. t r i p e t a l a . Maron and Fahn (1979) r e p o r t e d  t h r e e  
d i s t i n c t  wal l  l a y e r s  in t h e  o i l  c e l l  o f  Laurus n o b i l i s ; t h e  middle  
l a y e r  was composed o f  s u b e r i n .  Oil  c e l l s  o f  Acorus calamus 
(Amelunxen and Gronau, 1969) were shown to  have a t r i p a r t i t e  w a l l  w i th  
a middle  s u b e r i n  l a y e r .  W a t t en d o r f  (1974) d em o n s t ra ted  th e  p re sen c e  
o f  t h i s  s u b e r i z e d  l a y e r  in  Acorus u s in g  cy tochem ica l  r e a c t i o n s  
o b s e r v a b le  in  t h e  t r a n s m i s s i o n  e l e c t r o n  m ic ro sco p e .  The wall  o f  
M. g r a n d i f l o r a  remains  p r im ary  in  n a t u r e  and no t r i p a r t i t e  w a l l  was 
found in t h e  c u r r e n t  s t u d y .
One o f  t h e  more c o n t r o v e r s i a l  and c h a r a c t e r i s t i c  o f  s e c r e t o r y  
o i l  c e l l s  i s  th e  p r e s e n c e  ( o r  absence)  o f  t h e  c u p u l e .  The cupu le  
was r e p o r t e d  t o  be a c e l l u l o s i c  wal l  p r o tu b e ra n c e  t o  which th e  o i l  
s a c  i s  a t t a c h e d .  Leemann (1927) r e p o r t e d  t h a t  in  Asarum europaeum 
"dans l e s  s t a d e s ,  l a  c u p u le  e s t  t r £ s  b ien  v i s i b l e . "  Leemann (1928) 
a l s o  d e s c r i b e s  a s i m i l a r  s t r u c t u r e  in  P e r s e a . Wilson (1965) and 
West (1963 ,  1969) r e p o r t e d  t h e  p re sen c e  o f  a c e l l u l o s e  s t a l k  s i m i l a r  
in  ap p ea ra n ce  t o  a cu p u le  in 12 s p e c i e s  o f  C a n e l l a c e a e  and in  46 
R ana l ian  s p e c i e s ,  r e s p e c t i v e l y .  Maron and Fahn (1979) p r e s e n t e d  
c o n v in c in g  e v id e n c e  f o r  t h e  e x i s t e n c e  o f  a c u p u le  in  Laurus n o b i l i s  
and th e y  s t a t e d  t h a t  t h e  cu p u le  was " e a s i l y  d e t e c t a b l e . "  However, 
Amelunxen and Gronau (1969) and Tucker  (1976) were unable  to  see
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c u p u le s  i n  Acorus ca lamus o r  in  Sau ru rus  c e r n u u s  r e s p e c t i v e l y .  S ince  
no e v id e n c e  of  a c e l l u l o s i c  peg or cu p u le  was found us ing  any o f  
numerous methods in M. g rand  i f l o r a , t h i s  c u r r e n t  s t u d y  s u p p o r t s  t h e  
c o n ce p t  t h a t  c u p u l e s  may n o t  be u n i v e r s a l l y  p r e s e n t  in  a l l  gen e ra  
having o i l  c e l l s .
The u l t r a s t r u c t u r a l , cy to ch em ica l  and l i g h t  m ic ro s c o p ic  d a t a  
d e m o n s t r a t e  t h a t  t h e  o i l  c e l l s  of Magnolia g r a n d i f l o r a  undergo a 
deve lopm enta l  sequence  d i f f e r e n t  from t h a t  f o r  genera  and s p e c i e s  
r e p o r t e d  by o t h e r  w o r k e r s .  T h e r e f o r e ,  i t  c an  be conc luded  t h a t  much 
i s  y e t  t o  be l e a r n e d  a b o u t  s e c r e t o r y  o i l  c e l l s  and t h a t  g e n e r a l i z a t i o n s  
r e g a r d i n g  s t r u c t u r e  and deve lopm ent  o f  t h e s e  i n t e r e s t i n g  i d i o b l a s t s  
a r e  p re m a tu re .
SUMMARY
The on togeny  and u l t r a  s t r u c t u r e  o f  s e c r e t o r y  o i l  c e l l s  of  
t h e  l e a v e s  of Magnolia  g r a n d i f l o r a  was s t u d i e d .  O il  c e l l s  a re  
i n i t i a t e d  by an a n t i c l i n a l  d i v i s i o n  in su bp ro tode rm a l  l a y e r s  o f  t h e  
l e a f  b l a d e .  The o i l  c e l l  i n c r e a s e s  in  s i z e  and e v e n t u a l l y  o c cu p ie s  
a p o s i t i o n  in  t h e  mesophyl l  o f  t h e  m a tu re  l e a f .  No e v id e n c e  o f  
l y s i g e n e o u s  d e v e lo p m en t ,  s u b e r i z a t i o n  o r  c u p u le  f o r m a t i o n  was found 
in  t h e s e  c e l l s .
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STUDIES OF SILICON DEPOSITION IN HIGHER PLANTS 
(Monocotyledons)
Specimen S tu d ied S i l i c o n  L o c a l i z a t i o n I n v e s t i g a t o r
Agropyron repens
Ananas comosus 
Andropogon g e r a r d i i  
Andropogon s c o p a r iu s  




l e a v e s ,  s c a t t e r e d  s i l i c a  c e l l s
l e a f  ep idermal  c e l l s  
r o o t  endodermal wall  
r o o t  endodermal wal l  
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Dayanandan et_ a JL ,  1977
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Jo n es  e t  al_. , 1966 
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P a r ry  and Smithson , 1958a
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subepidermal  sc le ren ch y m a ,  i n n e r  
t a n g e n t i a l  wal l  o f  r o o t  endodermis
i n t e r c e l l u l a r  spaces  o f  r o o t s
p u lv in i
long  epidermal  c e l l s  o f  i n t e r n o d e s  
r i c e  s t r a w
epidermal  s i l i c a  c e l l s
l e a f  s h e a th
r o o t  endodermis
immature l e av e s
l e a f  b u l l i f o r m  c e l l s
l e a f  e p i d e r m i s ,  i n f l o r e s c e n c e  b r a c t s
l e a f  husk
D insda le  e t  a l_ . , 1979 
P a r r y  and K e lso ,  1975
Montgomery and P a r r y ,  1979 
Dayanandan e t  al_. , 1977 
Dayanandan e t  a K , 1977 
J o n e s ,  1975
Kaufman e t  a K , 1972, 1973 
Soni e t a T . , 1972d 
Soni e t  aTL, 1972
Lann ing ,  1963
P a r ry  and S o n i ,  1972
S a n g s t e r ,  1970b
S a n g s t e r  and P a r r y ,  1969
Soni and P a r r y ,  1973
Yoshida ert al_. , 1962a, 1962b, 
1962c , 1962d
TABLE I ( c o n t i n u e d )
Specimen S tu d ied S i l i c o n  L o c a l i z a t i o n I n v e s t i g a t o r
Panicum spp .  
Phragm ites  a u s t r a l i s
Phragmites  communis 
Saccharum o f f i c i n a r u m
S e c a l e  c e r e a l e
S e t a r i a  i t a l i c a
S i e g l i n g i a  decumbens
l e a f  t r i ch c m e s  
l e a f  t r i ch o m e s
s to m a ta l  guard  c e l l s ,  s i l i c a  c e l l s ,  
t a n g e n t i a l  w a l l s  of  long epidermal  
c e l l s ,  l e a f  s h ea th
r o o t  endodermal wall
opal p h y t o l i t h s
c e l l  wal l  of s to m a ta l  a p p a r tu s
l e a v e s  and i n t e r n o d e s
m atu re  p r o p h y l l s ,  r a d i c l e ,  culm l e a v e s ,  
culm and i n f l o r e s c e n c e  b r a c t s
l e a f  s h e a th  p u lv in i
l e a f
immature l e a v e s  
l e a f  b u l l i f o r m  c e l l s
Dayanandan e t  a ! . ,  1977 
Dayanandan e t  a l . ,  1977 
Lau e t  a l_ . , 1978
S a n g s t e r ,  1978a, 1978b 
B ake r ,  1961a 
Sakai and Thom, 1979 
Blackman, 1968 
Blackmon and P a r r y ,  1968
Dayanandan e t  a l . ,  1977 
S a n g s t e r ,  1968, 1970a 
S a n g s t e r ,  1970b 
S a n g s te r  and P a r r y ,  1969
TABLE I ( c o n t i n u e d )
Specimen S tu d ied S i l i c o n  L o c a l i z a t i o n I n v e s t i g a t o r
Sorghas t rum nutans  
Sorghum b i c o l o r
Sorghum s u b g la b r a s c e n s  
T r i t i c u m  aes t ivum
T r i t i c u m  sp .
31 g r a s s  s p e c i e s  
80 g r a s s  s p e c i e s
r o o t  endodermal wall
in n e r  t a n g e n t i a l  wall  of  r o o t  endoderm is ,  
d e p o s i t s  in  lumen of  endodermis
r o o t  endodermal wall
r o o t  endodermis
l e a f  s h e a t h ,  l e a v e s  and r o o t s  
l e a f  s h e a th  e p id e rm is  
1 eaves
opal p h y t o l i t h s
i n f l o r e s c e n c e s
l e a v e s
S a n g s t e r ,  1978a, 1978b 
P a r r y  and K e lso ,  1975
S a n g s t e r ,  1978a, 1978b
S a n g s t e r  and P a r r y ,  1976a 
1976b, 1976c
Lanning and L inko ,  1961
Blackman, 1969
Lanning , 1966
B ak e r ,  1961b
Par ry  and Smithson, 1966
P a r r y  and Smithson ,  1964
TABLE I
STUDIES OF SILICON DEPOSITION IN HIGHER PLANTS 
(D ic o ty le d o n s )
Specimen S tud ied S i l i c o n  L o c a l i z a t i o n I n v e s t i g a t o r
F r a g a r i a  v i r g i n i a n a l e a f  edges Lanning and G arab ed ian ,
H e l i a n th u s  annuus l e a f  and stem Lanning e t  a l_ . , 1958
h a i r s ,  l e a v e s ,  achenes Lann ing ,  1972b
H e l i a n t h u s  maxmil ian i h a i r s ,  l e a v e s ,  achenes Lann ing ,  1972b
Lantana  camara l e a f  and stem Lanning e t  al_.,  1958
Magnolia g r a n d i f l o r a l e a v e s P o s te k ,  1976
Pisum sa t ivum l e a v e s  and t e n d r i l s P a r r y  and Winslow, 1977
Rubus o c c i d e n t a l  i s a l l  a e r i a l  p a r t s Lann ing ,  1961
U r t i c a  d i o i c a t r ichom es T h u r s to n ,  1974
U r t i c a  p i l l u l i f e r a t r i ch o m es Sowers,  1977a, 1977b; 
Sowers and T h u r s to n ,  19]
32 s p e c i e s  of  woody p e r e n n i a l s a g g r e g a t e  g r a i n s  f r e e  in  lumen S c u r f i e l d  e t  a l . ,  1974
APPENDIX I
ALTERNATIVE PROCEDURE FOR PARAFFIN EMBEDDING 
( A f t e r  Prentftf, 1978)
(1) D i s s e c t  m a t e r i a l ;  then  f i x  i n  10% p a ra fo rm a ldehyde  b u f f e r e d  a t  
pH 7 . 4  in  0.1M p h o s p h a te  b u f f e r  ( m a t e r i a l  may a l s o  be f i x e d  in  
formal  i n : a c e t i c  a c i d : a l c o h o l ) .
(2) Wash m a t e r i a l  a t  l e a s t  2 t im es  in  d i s t i l l e d  w a t e r  t o  remove 
chemical f i x a t i v e .
(3) Add a few drops  o f  s t o c k  s a f r a n i n  (1% in  95% a l c o h o l )  and a l lo w  
m a t e r i a l  t o  t a k e  up th e  s t a i n .
(4) Rinse  m a t e r i a l  in  d i s t i l l e d  w a t e r  u n t i l  i t  does n o t  "b leed "  
s t a i n .
(5) Decant w a t e r  and add enough 2 , 2 -d im ethoxypropane  (DMP) to  c o v e r  
t h e  sp ec im e n s ;  then  add one smal l  drop o f  c o n c e n t r a t e d  HC1 
( M u l le r  and J a c k s ,  1975) .
(6) Upon co m p le t io n  o f  t h e  chemical d e h y d r a t i o n ,  d e c a n t  t h e  r e a c t i o n  
p ro d u c t s  and e x ces s  DMP and r e p l a c e  w i th  a second volume o f  t h e  
a c i d i f i e d  c h e m i c a l .
(7) Remove t h e  DMP and r e p l a c e  w i th  a volume o f  a b s o l u t e  benzene ;
a l lo w  t h e  chemica l  t o  i n f i l t r a t e  a t  l e a s t  h  h o u r .
(8) Decant t h e  benzene  and r e p l a c e  w i th  a n o t h e r  volume o f  benzene .
To t h i s  add enough P a r a p l a s t - P l u s  c h ip s  t o  f i l l  t h e  specimen v i a l
and p l a c e  in  t h e  p a r a f f i n  oven .  Allow t h i s  m ix tu r e  t o  i n f i l t r a t e  
f o r  a t  l e a s t  2 h o u r s .  Decant t h e  b e n z e n e / P a r a p l a s t - P l u s  m ix tu r e  
and r e p l a c e  w i th  100% P a r a p l a s t - P l u s  in  2 changes  each a t  l e a s t  
2-3  hours  w i th  th e  f i n a l  change o v e r n i g h t .  Embed in  f r e s h  
P a r a p l a s t - P l u s .
APPENDIX I I
FIXATION SCHEDULE FOR TRANSMISSION 
ELECTRON MICROSCOPY
(1) D i s s e c t  m a t e r i a l  and p l a c e  d i r e c t l y  i n t o  a f i x a t i v e  s o l u t i o n
o f  2% G l u t a r a l d e h y d e  in  0.2M s - c o l l i d i n e  b u f f e r  a t  pH 7 . 3 4 - 7 . 4 .
(2) Fix t h e  spec imens f o r  a minimum o f  15 m inu tes  i n  t h e  
g l u t a r a l d e h y d e  a t  room t e m p e r a t u r e .
(3) P la c e  t h e  specimen v i a l s  in  an i c e b a t h  and add an equal volume 
o f  1 % osmium t e t r o x i d e  b u f f e r e d  w i th  0.2M s - c o l l i d i n e  b u f f e r  
a t  pH 7 . 3 4 - 7 . 4 .
(4) Allow t h e  m a t e r i a l  t o  f i x  on i c e  f o r  an a d d i t i o n a l  0 . 7 5 - 1 . 5  
h o u r s .
(5) Decant t h e  f i x a t i v e  and r e p l a c e  w i th  a c o ld  b u f f e r  wash f o r  15 
m i n u t e s .
(6) Wash a g a i n  w i th  c o ld  b u f f e r  f o r  a n o t h e r  15 m i n u t e s .
(7) R ep lace  t h e  b u f f e r  w i t h  a volume of  c o ld  d i s t i l l e d  w a te r  and
wash 2 t im e s  w i th  w a t e r  over  a 1 hour p e r i o d .
(8) Block s t a i n  t h e  m a t e r i a l  o v e r n i g h t  in 0.5% Uranyl a c e t a t e  in
t h e  c o l d .
(9) Decant  t h e  s t a i n  and r i n s e  w i th  d i s t i l l e d  w a t e r .
(10) D ehydra te  in an a c e t o n e  s e r i e s .
(11) Embed in  A r a l d i t e / E p o n  epoxy r e s i n .
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APPENDIX I I I
PREPARATION OF VEGETATIVE BUDS FOR 
SCANNING ELECTRON MICROSCOPY
(1)  D i s s e c t  m a t e r i a l  t o  d e ve lopm en ta l  s t a g e  d e s i r e d .
(2) P lace  specimen i n t o  p r o c e s s i n g  c o n t a i n e r .
(3 )  Fix in  10% p a ra fo rm a ldehyde  b u f f e r e d  w i th  0.1M p hospha te  b u f f e r  
(P o s te k  and T ucke r ,  1976) .
(4) Wash s e v e r a l  t imes  in  d i s t i l l e d  w a t e r .
(5) Decant t h e  w a te r  and r e p l a c e  w i th  a c i d i f i e d  2 ,2 -d im e th o x y p ro p an e
(M ul le r  and J a c k s ,  1975; P o s tek  and T u ck e r ,  1976) .
(6 )  Fo llowing chemica l  d e h y d r a t i o n ,  r e p l a c e  t h e  r e a c t i o n s  p ro d u c t s
w i th  100% a c e to n e  i n  s e v e r a l  c h an g e s .
(7) C r i t i c a l  p o i n t  d r y .
(8 )  Mount specimens on permanent s tu b  d i s c s  ( P o s t e k ,  1978c) w i th  
" T e l e v i s i o n  Tube Koat" ( P o s t e k ,  1978a) .
(9) Coat and v iew .
17 0
APPENDIX IV
SECTION DEPARAFFINIZATION FOR 
SCANNING ELECTRON MICROSCOPY
(1)  Cut  p a r a f f i n  s e c t i o n s  a t  12-20 ym on a r o t a r y  m icro tome.
(2)  Trim t h e  s e c t i o n s  i n t o  s h o r t  r i b b o n s  and mount,  on s u i t a b l y  
p re p a red  g l a s s  s l i d e s .  The s e c t i o n  r ib b o n  should  be a t  t h e  
end o f  t h e  s l i d e  o r i e n t e d  p e r p e n d i c u l a r  t o  t h e  long a x i s .
(3) S t a i n  t h e  s e c t i o n s  w i th  0.01% t o l u i d i n e  b lue  and view.
Determine  which s e c t i o n s  w i l l  be viewed in  t h e  scann ing  e l e c t r o n  
m ic r o s c o p e .
(4) D e p a r a f f i n i z e  th e  s e c t i o n s  in  two changes  o f  100% :xylene.
(5) Run d e p a r a f f i n i z e d  s l i d e s  t h ro u g h  an a l c o h o l  s e r i e s  t o  50% 
a l c o h o l .
(6) A i r - d r y  s l i d e s .
(7) Score  t h e  s l i d e  a p p r o x im a te ly  ^  inch  from t h e  end w i th  a g l a s s  
s c r i b e  and break  o f f  t h e  p o r t i o n  o f  t h e  s l i d e  c o n t a i n i n g  t h e  
s e c t i o n s .
(8) Mount g l a s s  w i th  s e c t i o n s  on a s tu b ;  c o a t  and view in t h e  SEM.
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APPENDIX V
FIXATION SCHEDULE FOR DECIDUOUS 
AND EVERGREEN MAGNOLIA SPECIES
(1)  C o l l e c t  l e a f  m a t e r i a l ,  c u t  i n t o  smal l  p i e c e s  w i th  a c l e a n e d  
r a z o r  b l a d e  and f i x  in 8% pa ra fo rm a ld eh y d e :  4% g l u t a r a l d e h y d e  
b u f f e r e d  w i th  0.1M sodium c a c o d y l a t e  (pH 7 . 4 )  on i c e  f o r  
1 . 5 - 3 . 5  h o u r s .
(2) R inse  m a t e r i a l  in b u f f e r  2 t im e s  (15 m in u te s  pe r  c h a n g e ) .
(3) P o s t - f i x  in 1% osmium t e t r o x i d e  in  0.1M sodium c a c o d y l a t e
b u f f e r  (pH 7 . 4 )  f o r  2 h o u r s .
(4) Rinse  m a t e r i a l  in  b u f f e r  2 t im es  (15 m in u te s  per c h a n g e ) .
(5) Wash m a t e r i a l  in  d i s t i l l e d  w a te r  f o r  15 m i n u t e s .
(6) Dehydrate  spec imens in  a g raded  a c e t o n e  s e r i e s  to  a b s o l u t e  
a c e t o n e .
(7) Embed m a t e r i a l  in  A r a l d i t e / E p o n  epoxy r e s i n ,  f l a t - e m b e d  and 
ha rden  in an oven.
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LEGEND TO FIGURES
A Apical Meris tem Mu N uc leo lus
C Corpus OCT Oil  C el l  I n i t i a l
Cl C e n t r a l  I n i t i a l  Zone OCP O il  Cel l  P la s t ic !
cy Cytoplasm P P e r i p h e r a l  Zone
ER Endoplasmic Ret icu lum PC Procambium
H Hypopodium PL P l a s t i d
I I n c l u s i o n PM PI asmalemma
ICS I n t e r c e l l u l a r  Space PP P r o p l a s t i d
LB Leaf Base RM Rib Meris tem
M M ito ch o n d r ia S S ta rc h
MC Mesophyll Cell SC S i s t e r  Cel l
MC P Mesophyll Cel l  P l a s t i d ST S t i p u l e ( s )
ML Middle  Lamel l a T Tun ica
MM Marginal Meristem TO T o n o p la s t
MSI Median S t i p u l a r  I n i t i a l V Vacuole
N Nucleus W C el l  Wall
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VITA
Michael Thomas Postek*  J r .  was born  25 November 1950, in  
P i t t s b u r g h ,  P e n n s y lv a n i a .  At an e a r l y  age ,  he and h i s  f a m i l y  moved 
to  Miami, F l o r i d a  where he a t t e n d e d  Holy Family  P a ro c h ia l  School 
and Monsignor Edward Pace High Schoo l .  He e n t e r e d  t h e  U n i v e r s i t y  
o f  South  F l o r i d a ,  Tampa, F l o r i d a  in  1968 where he r e c e i v e d  h i s  
B ach e lo r  o f  A r t s  d e g re e  in  Botany in  A ugus t ,  1972. During t h i s  t im e  
he met and l a t e r  m a r r i e d  C h r i s t i n e  E lea n o r  O rendor f  of  Tampa, F l o r i d a .  
In May, 1974 he r e c e i v e d  h i s  M as te r  o f  S c ie n c e  d e g re e  i n  Botany from 
Texas  A&M U n i v e r s i t y ,  C o l l e g e  S t a t i o n ,  Texas .
He i s  p r e s e n t l y  a c a n d i d a t e  f o r  a Doc tor  o f  P h i lo so p h y  d e g re e  
in Botany a t  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  Baton Rouge,  L o u i s i a n a .
174




M i c h a e l  T h o m a s  P o s t e k ,  J r .
B o t a n y
O n t o g e n y  a n d  U l t r a s t r u c t u r e  o f  t h e  L e a f  o f  M a g n o l i a  ' g r a n d i f l o r a  L .
Approved:
CL. / im lA  ;___
Major Krofessor and Chairman 
v  Dean of the Graduate School
EXAMINING COMMITTEE:
f a j
Date of Examination: 
June 13, 1980
